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FIG. 13
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COMMUNICATION SYSTEM, BASE
STATION, AND HOST DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a radio commu-
nication technology.

BACKGROUND ART

[0002] The 3rd generation partnership project (3GPP), the
standard organization regarding the mobile communication
system, is studying communication systems referred to as
long term evolution (LTE) regarding radio sections and
system architecture evolution (SAE) regarding the overall
system configuration including a core network and a radio
access network which is hereinafter collectively referred to
as a network as well (for example, see Non-Patent Docu-
ments 1 to 5). This communication system is also referred to
as 3.9 generation (3.9 G) system.

[0003] As the access scheme of the LTE, orthogonal
frequency division multiplexing (OFDM) is used in a down-
link direction and single carrier frequency division multiple
access (SC-FDMA) is used in an uplink direction. Further,
differently from the wideband code division multiple access
(W-CDMA), circuit switching is not provided but a packet
communication system is only provided in the LTE.
[0004] The decisions taken in 3GPP regarding the frame
configuration in the LTE system described in Non-Patent
Document 1 (Chapter 5) are described with reference to FIG.
1. FIG. 1 is a diagram illustrating the configuration of a radio
frame used in the LTE communication system. With refer-
ence to FIG. 1, one radio frame is 10 ms. The radio frame
is divided into ten equally sized subframes. The subframe is
divided into two equally sized slots. The first and sixth
subframes contain a downlink synchronization signal per
radio frame. The synchronization signals are classified into
a primary synchronization signal (P-SS) and a secondary
synchronization signal (S-SS).

[0005] Non-Patent Document 1 (Chapter 5) describes the
decisions by 3GPP regarding the channel configuration in
the LTE system. It is assumed that the same channel con-
figuration is used in a closed subscriber group (CSG) cell as
that of a non-CSG cell.

[0006] A physical broadcast channel (PBCH) is a channel
for downlink transmission from a base station device (here-
inafter may be simply referred to as a “base station™) to a
communication terminal device (hereinafter may be simply
referred to as a “communication terminal”) such as a user
equipment device (hereinafter may be simply referred to as
a “user equipment”). A BCH transport block is mapped to
four subframes within a 40 ms interval. There is no explicit
signaling indicating 40 ms timing.

[0007] A physical control format indicator channel (PC-
FICH) is a channel for downlink transmission from a base
station to a communication terminal. The PCFICH notifies
the number of orthogonal frequency division multiplexing
(OFDM) symbols used for PDCCHs from the base station to
the communication terminal. The PCFICH is transmitted per
subframe.

[0008] A physical downlink control channel (PDCCH) is
a channel for downlink transmission from a base station to
a communication terminal. The PDCCH notifies of the
resource allocation information for downlink shared channel
(DL-SCH) being one of the transport channels described
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below, resource allocation information for a paging channel
(PCH) being one of the transport channels described below,
and hybrid automatic repeat request (HARQ) information
related to DL-SCH. The PDCCH carries an uplink sched-
uling grant. The PDCCH carries acknowledgement (Ack)/
negative acknowledgement (Nack) that is a response signal
to uplink transmission. The PDCCH is referred to as an
L1/1.2 control signal as well.

[0009] A physical downlink shared channel (PDSCH) is a
channel for downlink transmission from a base station to a
communication terminal. A downlink shared channel (DL-
SCH) that is a transport channel and a PCH that is a transport
channel are mapped to the PDSCH.

[0010] A physical multicast channel (PMCH) is a channel
for downlink transmission from a base station to a commu-
nication terminal. A multicast channel (MCH) that is a
transport channel is mapped to the PMCH.

[0011] A physical uplink control channel (PUCCH) is a
channel for uplink transmission from a communication
terminal to a base station. The PUCCH carries Ack/Nack
that is a response signal to downlink transmission. The
PUCCH carries channel state information (CSI). The CSI
includes a rank indicator (RI), a precoding matrix indicator
(PMI), and a channel quality indicator (CQI) report. The RI
is rank information of a channel matrix in the MIMO. The
PMI is information of a precoding weight matrix to be used
in the MIMO. The CQI is quality information indicating the
quality of received data or channel quality. In addition, the
PUCCH carries a scheduling request (SR).

[0012] A physical uplink shared channel (PUSCH) is a
channel for uplink transmission from a communication
terminal to a base station. An uplink shared channel (UL-
SCH) that is one of the transport channels is mapped to the
PUSCH.

[0013] A physical hybrid ARQ indicator channel (PHICH)
is a channel for downlink transmission from a base station
to a communication terminal. The PHICH carries Ack/Nack
that is a response signal to uplink transmission. A physical
random access channel (PRACH) is a channel for uplink
transmission from the communication terminal to the base
station. The PRACH carries a random access preamble.
[0014] A downlink reference signal (RS) is a known
symbol in the LTE communication system. The following
five types of downlink reference signals are defined as: a
cell-specific reference signal (CRS), an MBSFN reference
signal, a data demodulation reference signal (DM-RS) being
a UE-specific reference signal, a positioning reference signal
(PRS), and a channel state information reference signal
(CSI-RS). The physical layer measurement objects of a
communication terminal include reference signal received
powers (RSRPs).

[0015] An uplink reference signal is also a known symbol
in the LTE communication system. The following two types
of uplink reference signals are defined, that is, a demodu-
lation reference signal (DM-RS) and a sounding reference
signal (SRS).

[0016] The transport channels described in Non-Patent
Document 1 (Chapter 5) are described. A broadcast channel
(BCH) among the downlink transport channels is broadcast
to the entire coverage of a base station (cell). The BCH is
mapped to the physical broadcast channel (PBCH).

[0017] Retransmission control according to a hybrid ARQ
(HARQ) is applied to a downlink shared channel (DL-SCH).
The DL-SCH can be broadcast to the entire coverage of the
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base station (cell). The DL-SCH supports dynamic or semi-
static resource allocation. The semi-static resource alloca-
tion is also referred to as persistent scheduling. The DL-SCH
supports discontinuous reception (DRX) of a communica-
tion terminal for enabling the communication terminal to
save power. The DL-SCH is mapped to the physical down-
link shared channel (PDSCH).

[0018] The paging channel (PCH) supports DRX of the
communication terminal for enabling the communication
terminal to save power. The PCH is required to be broadcast
to the entire coverage of the base station (cell). The PCH is
mapped to physical resources such as the physical downlink
shared channel (PDSCH) that can be used dynamically for
traffic.

[0019] The multicast channel (MCH) is used for broad-
casting the entire coverage of the base station (cell). The
MCH supports SFN combining of multimedia broadcast
multicast service (MBMS) services (MTCH and MCCH) in
multi-cell transmission. The MCH supports semi-static
resource allocation. The MCH is mapped to the PMCH.
[0020] Retransmission control according to a hybrid ARQ
(HARQ) is applied to an uplink shared channel (UL-SCH)
among the uplink transport channels. The UL-SCH supports
dynamic or semi-static resource allocation. The UL-SCH is
mapped to the physical uplink shared channel (PUSCH).
[0021] A random access channel (RACH) is limited to
control information. The RACH involves a collision risk.
The RACH is mapped to the physical random access chan-
nel (PRACH).

[0022] The HARQ is described. The HARQ is the tech-
nique for improving the communication quality of a channel
by combination of automatic repeat request (ARQ) and error
correction (forward error correction). The HARQ is advan-
tageous in that error correction functions effectively by
retransmission even for a channel whose communication
quality changes. In particular, it is also possible to achieve
further quality improvement in retransmission through com-
bination of the reception results of the first transmission and
the reception results of the retransmission.

[0023] An example of the retransmission method is
described. If the receiver fails to successfully decode the
received data, in other words, if a cyclic redundancy check
(CRC) error occurs (CRC=NG), the receiver transmits
“Nack” to the transmitter. The transmitter that has received
“Nack” retransmits the data. If the receiver successfully
decodes the received data, in other words, if a CRC error
does not occur (CRC=0K), the receiver transmits “Ack” to
the transmitter. The transmitter that has received “Ack”
transmits the next data.

[0024] The logical channels described in Non-Patent
Document 1 (Chapter 6) are described. A broadcast control
channel (BCCH) is a downlink channel for broadcast system
control information. The BCCH that is a logical channel is
mapped to the broadcast channel (BCH) or downlink shared
channel (DL-SCH) that is a transport channel.

[0025] A paging control channel (PCCH) is a downlink
channel for transmitting paging information and system
information change notifications. The PCCH is used when
the network does not know the cell location of a commu-
nication terminal. The PCCH that is a logical channel is
mapped to the paging channel (PCH) that is a transport
channel.

[0026] A common control channel (CCCH) is a channel
for transmission control information between communica-
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tion terminals and a base station. The CCCH is used in a case
where the communication terminals have no RRC connec-
tion with the network. In the downlink direction, the CCCH
is mapped to the downlink shared channel (DL-SCH) that is
a transport channel. In the uplink direction, the CCCH is
mapped to the uplink shared channel (UL-SCH) that is a
transport channel.

[0027] A multicast control channel (MCCH) is a downlink
channel for point-to-multipoint transmission. The MCCH is
used for transmission of MBMS control information for one
or several MTCHs from a network to a communication
terminal. The MCCH is used only by a communication
terminal during reception of the MBMS. The MCCH is
mapped to the multicast channel (MCH) that is a transport
channel.

[0028] A dedicated control channel (DCCH) is a channel
that transmits dedicated control information between a com-
munication terminal and a network on a point-to-point basis.
The DCCH is used when the communication terminal has an
RRC connection. The DCCH is mapped to the uplink shared
channel (UL-SCH) in uplink and mapped to the downlink
shared channel (DL-SCH) in downlink.

[0029] A dedicated traffic channel (DTCH) is a point-to-
point communication channel for transmission of user infor-
mation to a dedicated communication terminal. The DTCH
exists in uplink as well as downlink. The DTCH is mapped
to the uplink shared channel (UL-SCH) in uplink and
mapped to the downlink shared channel (DL-SCH) in down-
link.

[0030] A multicast traffic channel (MTCH) is a downlink
channel for traffic data transmission from a network to a
communication terminal. The MTCH is a channel used only
by a communication terminal during reception of the
MBMS. The MTCH is mapped to the multicast channel
(MCH).

[0031] CGI represents a cell global identifier. ECGI rep-
resents an E-UTRAN cell global identifier. A closed sub-
scriber group (CSG) cell is introduced into the LTE, and the
long term evolution advanced (LTE-A) and universal mobile
telecommunication system (UMTS) described below.
[0032] The locations of communication terminals are
tracked based on an area composed of one or more cells. The
locations are tracked for enabling tracking the locations of
communication terminals and calling communication termi-
nals, in other words, incoming calling to communication
terminals even in an idle state. An area for tracking locations
of communication terminals is referred to as a tracking area.
[0033] Further, specifications of long term evolution
advanced (LTE-A) are pursued as Release 10 in 3GPP (see
Non-Patent Documents 3 and 4). The LTE-A is based on the
LTE radio communication system and is configured by
adding several new techniques to the system.

[0034] Carrier aggregation (CA) is studied for the LTE-A
system in which two or more component carriers (CCs) are
aggregated to support wider transmission bandwidths up to
100 MHz. Non-Patent Document 1 describes the CA.
[0035] Inacase where CAis configured, a UE has a single
RRC connection with a network (NW). In RRC connection,
one serving cell provides NAS mobility information and
security input. This cell is referred to as a primary cell
(PCell). In downlink, a carrier corresponding to PCell is a
downlink primary component carrier (DL PCC). In uplink,
a carrier corresponding to PCell is an uplink primary com-
ponent carrier (UL PCC).
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[0036] A secondary cell (SCell) is configured to form a
serving cell group with a PCell, in accordance with the UE
capability. In downlink, a carrier corresponding to SCell is
a downlink secondary component carrier (DL SCC). In
uplink, a carrier corresponding to SCell is an uplink sec-
ondary component carrier (UL SCC).

[0037] A serving cell group of one PCell and one or more
SCells is configured for one UE.

[0038] The new techniques in the LTE-A include the
technique of supporting wider bands (wider bandwidth
extension) and the coordinated multiple point transmission
and reception (CoMP) technique. The CoMP studied for
LTE-A in 3GPP is described in Non-Patent Document 1.
[0039] Furthermore, the use of small eNBs (hereinafter
also referred to as “small-scale base station devices”) con-
figuring small cells is studied in 3GPP to satisty tremendous
traffic in the future. In an example technique under study, a
large number of small eNBs is installed to configure a large
number of small cells, which increases spectral efficiency
and communication capacity. The specific techniques
include dual connectivity (abbreviated as DC) with which a
UE communicates with two eNBs through connection
thereto. Non-Patent Document 1 describes the DC.

[0040] For eNBs that perform dual connectivity (DC), one
may be referred to as a master eNB (abbreviated as MeNB),
and the other may be referred to as a secondary eNB
(abbreviated as SeNB).

[0041] The traffic flow of a mobile network is on the rise,
and the communication rate is also increasing. It is expected
that the communication rate is further increased when the
operations of the LTE and the LTE-A are fully initiated.
[0042] For increasingly enhanced mobile communica-
tions, the fifth generation (hereinafter also referred to as
“5G”) radio access system is studied whose service is aimed
to be launched in 2020 and afterward. For example, in the
Europe, an organization named METIS summarizes the
requirements for 5G (see Non-Patent Document 5).

[0043] The requirements in the 5G radio access system
show that a system capacity shall be 1000 times as high as,
a data transmission rate shall be 100 times as high as, a data
latency shall be one tenth (Y/10) as low as, and simultaneously
connected communication terminals 100 times as many as
those of the LTE system, to further reduce the power
consumption and device cost.

[0044] To satisfy such requirements, the study of 5G
standards is pursued as Release 15 in 3GPP (see Non-Patent
Documents 6 to 18). The techniques on 5G radio sections are
referred to as “New Radio Access Technology” (“New
Radio” is abbreviated as NR).

[0045] The NR system has been studied based on the LTE
system and the LTE-A system. The NR system includes
additions and changes from the LTE system and the LTE-A
system in the following points.

[0046] As the access schemes of the NR, the orthogonal
frequency division multiplexing (OFDM) is used in the
downlink direction, and the OFDM and the DFT-spread-
OFDM (DFT-s-OFDM) are used in the uplink direction.
[0047] InNR, frequencies higher than those in the LTE are
available for increasing the transmission rate and reducing
the latency.

[0048] In NR, a cell coverage is maintained by forming a
transmission/reception range shaped like a narrow beam
(beamforming) and also changing the orientation of the
beam (beam sweeping).
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[0049] In NR, various subcarrier spacings, that is, various
numerologies are supported. Regardless of the numerolo-
gies, 1 subframe is 1 millisecond long, and 1 slot consists of
14 symbols in NR. Furthermore, the number of slots in 1
subframe is one in a numerology at a subcarrier spacing of
15 kHz. The number of slots increases in proportion to the
subcarrier spacing in the other numerologies (see Non-
Patent Document 13 (TS38.211 V15.2.0)).

[0050] The base station transmits a downlink synchroni-
zation signal in NR as synchronization signal burst (may be
hereinafter referred to as SS burst) with a predetermined
period for a predetermined duration. The SS burst includes
synchronization signal blocks (may be hereinafter referred
to as SS blocks) for each beam of the base station. The base
station transmits the SS blocks for each beam during the
duration of the SS burst with the beam changed. The SS
blocks include the P-SS, the S-SS, and the PBCH.

[0051] InNR, addition of a phase tracking reference signal
(PTRS) as a downlink reference signal has reduced the
influence of phase noise. The PTRS has also been added as
an uplink reference signal similarly to the downlink.
[0052] In NR, a slot format indication (SFI) has been
added to information included in the PDCCH for flexibly
switching between the DL and the UL in a slot.

[0053] Also in NR, the base station preconfigures, for the
UE, a part of a carrier frequency band (may be hereinafter
referred to as a Bandwidth Part (BWP)). Then, the UE
performs transmission and reception with the base station in
the BWP. Consequently, the power consumption in the UE
is reduced.

[0054] The DC patterns studied in 3GPP include the DC to
be performed between an LTE base station and an NR base
station that are connected to the EPC, the DC to be per-
formed by the NR base stations that are connected to the 5G
core system, and the DC to be performed between the LTE
base station and the NR base station that are connected to the
5G core system (see Non-Patent Documents 12, 16, and 19).
[0055] Furthermore, several new technologies have been
studied in 3GPP. The example studies include the position-
ing using the 5G system (see Non-Patent Document 20
(3GPP R2-1817898) and Non-Patent Document 21 (3GPP
RP-182862)), and the Time Sensitive Network (TSN, see
Non-Patent Document 22 (3GPP RP-182090) and Non-
Patent Document 23 (3GPP R2-1816690)).
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SUMMARY
Problems to be Solved by the Invention
[0091] The positioning using the 5G communication sys-

tem (hereinafter may be referred to as the 5G system) has
been studied in 3GPP. Examples of the study include the
indoor positioning in a factory (see Non-Patent Document
21 (3GPP RP-182862)). The positioning with beams in the
5G system has been studied (see Non-Patent Document 24
(3GPP R1-1901483)). Since many obstacles such as shelves
are placed in the indoor environment, there is a possibility
that the base station and the UE communicate via reflected
waves. This causes problems of an error in a direction of the
UE when viewed from the base station, and increase in the
positioning error.

[0092] To satisfy the Ultra-Reliable and Low Latency
Communication (URLLC) requirements, support of the
Time Sensitive Network (TSN) has been studied in 3GPP
(see Non-Patent Document 22 (3GPP RP-182090)). The
Time Sensitive Network requires clock synchronization
between a plurality of UEs (see Non-Patent Document 25
(3GPP TR22.804 V16.1.0)). Clock synchronization between
a base station and each UE has been studied as a method for
synchronizing the clocks of a plurality of UEs (see Non-
Patent Document 26 (3GPP R3-185808), Non-Patent Docu-
ment 27 (3GPP TS36.331 V15.3.0), and Non-Patent Docu-
ment 28 (3GPP R2-1817173)). Furthermore, support of not
only broadcasts but also unicasts and groupcast in the
sidelink (SL) communication in NR has been studied (see
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Non-Patent Document 29 (3GPP RP-182111)). Since none
discloses a method on synchronization of the clocks between
UEs using the SL, in the SL in NR, the UEs have a problem
of failing to synchronize their clocks.

[0093] The various problems above may, for example,
hinder high reliability.

[0094] In view of the problems, one of the objects of the
present disclosure is to provide a radio communication
technology with high reliability.

Means to Solve the Problems

[0095] The present disclosure provides a communication
system including: a communication terminal; a plurality of
base stations configured to perform radio communication
with the communication terminal; and a host device of the
plurality of base stations, wherein one of a serving base
station of the communication terminal and the host device
selects, from among the plurality of base stations, a posi-
tioning base station that transmits a positioning signal for
measuring a position of the communication terminal, the
positioning base station transmits the positioning signal, the
communication terminal receives the positioning signal, one
of the communication terminal, the serving base station, and
the host device estimates the position of the communication
terminal, based on a reception result of the positioning signal
from the communication terminal, and a specific-precision
positioning base station that can communicate with the
communication terminal via direct waves is selected as the
positioning base station when positioning precision required
for positioning of the communication terminal is higher than
or equal to specific precision.

[0096] The present disclosure also provides a base station
configured to perform radio communication with a commu-
nication terminal, wherein the base station selects a posi-
tioning base station that transmits a positioning signal for
measuring a position of the communication terminal, and the
base station selects, as the positioning base station, a spe-
cific-precision positioning base station that can communi-
cate with the communication terminal via direct waves when
positioning precision required for positioning of the com-
munication terminal is higher than or equal to specific
precision.

[0097] The present disclosure also provides a host device
of a plurality of base station configured to perform radio
communication with a communication terminal, wherein the
host device selects, from among the plurality of base sta-
tions, a positioning base station that transmits a positioning
signal for measuring a position of the communication ter-
minal, and the host device selects, as the positioning base
station, a specific-precision positioning base station that can
communicate with the communication terminal via direct
waves when positioning precision required for positioning
of the communication terminal is higher than or equal to
specific precision.

Effects of the Invention

[0098] The present disclosure can provide the radio com-
munication technology with high reliability.

[0099] The objects, features, aspects and advantages of the
present disclosure will become more apparent from the
following detailed description of the present disclosure
when taken in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF DRAWINGS

[0100] FIG. 1is a diagram illustrating the configuration of
a radio frame for use in an LTE communication system.
[0101] FIG. 2 is a block diagram showing the overall
configuration of an LTE communication system 200 under
discussion of 3GPP.

[0102] FIG. 3 is a block diagram illustrating an overall
configuration of a NR communication system 210 that has
been discussed in 3GPP.

[0103] FIG. 4 illustrates a structure of the DC to be
performed by an eNB and a gNB that are connected to the
EPC.

[0104] FIG. 5 illustrates a structure of the DC to be
performed by gNBs that are connected to the NG core.
[0105] FIG. 6 illustrates a structure of the DC to be
performed by the eNB and the gNB that are connected to the
NG core.

[0106] FIG. 7 illustrates a structure of the DC to be
performed by the eNB and the gNB that are connected to the
NG core.

[0107] FIG. 8 is a block diagram showing the configura-
tion of a user equipment 202 shown in FIG. 2.

[0108] FIG. 9 is a block diagram showing the configura-
tion of a base station 203 shown in FIG. 2.

[0109] FIG. 10 is a block diagram showing the configu-
ration of an MME.

[0110] FIG. 11 is a block diagram illustrating a configu-
ration of the 5GC.

[0111] FIG. 12 is a flowchart showing an outline from a
cell search to an idle state operation performed by a com-
munication terminal (UE) in LTE communication system.

[0112] FIG. 13 illustrates an example structure of a cell in
an NR system.
[0113] FIG. 14 is a sequence diagram illustrating an out-

line of operations for performing positioning of the UE in a
plurality of steps according to the first embodiment.
[0114] FIG. 15 is a sequence diagram illustrating the
outline of operations for performing positioning of the UE in
a plurality of steps according to the first embodiment.
[0115] FIG. 16 is a sequence diagram illustrating the
outline of operations for performing positioning of the UE in
a plurality of steps according to the first embodiment.
[0116] FIG. 17 is a sequence diagram illustrating opera-
tions when the LMF obtains information on a position of a
base station according to the first embodiment.

[0117] FIG. 18 is a sequence diagram illustrating another
example of operations for performing positioning of the UE
in a plurality of steps according to the first embodiment.
[0118] FIG. 19 is a sequence diagram illustrating another
example of operations for performing positioning of the UE
in a plurality of steps according to the first embodiment.
[0119] FIG. 20 is a sequence diagram illustrating another
example of operations for performing positioning of the UE
in a plurality of steps according to the first embodiment.
[0120] FIG. 21 is a sequence diagram illustrating another
example of operations for performing positioning of the UE
in a plurality of steps according to the first embodiment.
[0121] FIG. 22 is a sequence diagram illustrating another
example of operations for performing positioning of the UE
in a plurality of steps according to the first embodiment.
[0122] FIG. 23 is a sequence diagram illustrating another
example of operations for performing positioning of the UE
in a plurality of steps according to the first embodiment.
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[0123] FIG. 24 illustrates an example where communica-
tion between the base station and the UE via direct waves is
estimated from a combination of path losses and propagation
delay according to the first modification of the first embodi-
ment.

[0124] FIG. 25 illustrates an example where communica-
tion between the base station and the UE via reflected waves
is estimated from a combination of path losses and propa-
gation delay according to the first modification of the first
embodiment.

[0125] FIG. 26 illustrates an outline of operations of
transmitting the CSI-RS in combination with the PRS
according to the second embodiment.

[0126] FIG. 27 illustrates operations of the base station
that performs positioning when sweeping beams in a beam
coverage of a serving base station for communicating with
the UE according to the first modification of the second
embodiment.

[0127] FIG. 28 illustrates an example where the serving
base station notifies overlapping areas with a coverage of a
serving beam among a plurality of predefined areas as
information on the serving beam according to the first
modification of the second embodiment.

[0128] FIG. 29 is a conceptual diagram illustrating differ-
ences in radio propagation range between UEs that perform
SL communication.

[0129] FIG. 30 illustrates the first example sequence in
performing a process of correcting clock synchronization
according to the fourth embodiment.

[0130] FIG. 31 illustrates the second example sequence in
performing the process of correcting the clock synchroni-
zation according to the fourth embodiment.

[0131] FIG. 32 illustrates the third example sequence in
performing the process of correcting the clock synchroni-
zation according to the fourth embodiment.

[0132] FIG. 33 is a conceptual diagram illustrating trans-
mission timings of UEs that perform SL. communication,
with application of a conventional method.

[0133] FIG. 34 illustrates the transmission timings of the
UEs that perform the SI. communication according to the
fifth embodiment.

[0134] FIG. 35 illustrates the transmission timings of the
UEs that perform the SI. communication according to the
fifth embodiment.

[0135] FIG. 36 illustrates slots for the S communication
according to the fifth embodiment.

[0136] FIG. 37 illustrates an example sequence of a
method for correcting the feedback timing with application
of the method disclosed in the fourth embodiment, accord-
ing to the fifth embodiment.

[0137] FIG. 38 is a conceptual diagram illustrating states
where the UEs that perform the SI. communication move
between two cells.

[0138] FIG. 39 illustrates an example sequence of the HO
during the SL. communication (with application of a con-
ventional method on HO processes during the S commu-
nication).

[0139] FIG. 40 illustrates the example sequence of the HO
during the SL. communication (with application of the con-
ventional method on HO processes during the S commu-
nication).
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[0140] FIG. 41 illustrates the example sequence of the HO
during the SL. communication (with application of the con-
ventional method on HO processes during the SL. commu-
nication).

[0141] FIG. 42 illustrates the first example sequence of the
HO during the SI. communication according to the sixth
embodiment.

[0142] FIG. 43 illustrates the first example sequence of the
HO during the SI. communication according to the sixth
embodiment.

[0143] FIG. 44 illustrates the second example sequence of
the HO during the SL communication according to the sixth
embodiment.

[0144] FIG. 45 illustrates the second example sequence of
the HO during the SL communication according to the sixth
embodiment.

[0145] FIG. 46 illustrates a protocol structure when AS
layers select the RAT according to the seventh embodiment.
[0146] FIG. 47 illustrates a protocol structure when a V2X
layer selects the RAT according to the seventh embodiment.
[0147] FIG. 48 illustrates a protocol structure when the AS
layers include a protocol stack for selecting and/or changing
the RAT (RAT selection/RAT change) according to the
seventh embodiment.

[0148] FIG. 49 illustrates an example sequence for chang-
ing the RAT according to the seventh embodiment.

[0149] FIG. 50 illustrates a protocol structure including
the common PDCP having RAT common functions accord-
ing to the first modification of the seventh embodiment.
[0150] FIG. 51 illustrates an example sequence for chang-
ing the RAT according to the first modification of the
seventh embodiment.

[0151] FIG. 52 illustrates a protocol structure including
the common RLC according to the first modification of the
seventh embodiment.

[0152] FIG. 53 illustrates a protocol structure when the
PDCP in LTE performs PDCP duplication during operations
in LTE and NR according to the second modification of the
seventh embodiment.

[0153] FIG. 54 illustrates a protocol structure when the
PDCP in NR performs the PDCP duplication during opera-
tions in LTE and NR according to the second modification
of the seventh embodiment.

[0154] FIG. 55 illustrates a protocol structure when the
common PDCP performs the PDCP duplication during
operations in LTE and NR according to the second modifi-
cation of the seventh embodiment.

DESCRIPTION OF EMBODIMENTS

The First Embodiment

[0155] FIG. 2 is a block diagram showing an overall
configuration of an LTE communication system 200 which
is under discussion of 3GPP. FIG. 2 is described here. A
radio access network is referred to as an evolved universal
terrestrial radio access network (E-UTRAN) 201. A user
equipment device (hereinafter, referred to as a “user equip-
ment (UE)”) 202 that is a communication terminal device is
capable of radio communication with a base station device
(hereinafter, referred to as a “base station (E-UTRAN Node
B: eNB)”) 203 and transmits and receives signals through
radio communication.

[0156] Here, the “communication terminal device” covers
not only a user equipment device such as a mobile phone
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terminal device, but also an unmovable device such as a
sensor. In the following description, the “communication
terminal device” may be simply referred to as a “commu-
nication terminal”.

[0157] The E-UTRAN is composed of one or a plurality of
base stations 203, provided that a control protocol for the
user equipment 202 such as a radio resource control (RRC),
and user planes (hereinafter also referred to as “U-planes™)
such as a packet data convergence protocol (PDCP), radio
link control (RLC), medium access control (MAC), or
physical layer (PHY) are terminated in the base station 203.
[0158] The control protocol radio resource control (RRC)
between the user equipment 202 and the base station 203
performs, for example, broadcast, paging, and RRC connec-
tion management. The states of the base station 203 and the
user equipment 202 in RRC are classified into RRC_IDLE
and RRC_CONNECTED.

[0159] In RRC_IDLE, public land mobile network
(PLMN) selection, system information (SI) broadcast, pag-
ing, cell reselection, mobility, and the like are performed. In
RRC_CONNECTED, the user equipment has RRC connec-
tion and is capable of transmitting and receiving data to and
from a network. In RRC_CONNECTED, for example, han-
dover (HO) and measurement of a neighbor cell are per-
formed.

[0160] The base stations 203 includes one or more eNBs
207. A system, composed of an evolved packet core (EPC)
being a core network and an E-UTRAN 201 being a radio
access network, is referred to as an evolved packet system
(EPS). The EPC being a core network and the E-UTRAN
201 being a radio access network may be collectively
referred to as a “network”.

[0161] The eNB 207 is connected to an MME/S-GW unit
(hereinafter, also referred to as an “MME unit”) 204 includ-
ing a mobility management entity (MME), a serving gate-
way (S-GW) or an MME and an S-GW by means of an S1
interface, and control information is communicated between
the eNB 207 and the MME unit 204. A plurality of MME
units 204 may be connected to one eNB 207. The eNBs 207
are connected to each other by means of an X2 interface, and
control information is communicated between the eNBs
207.

[0162] The MME unit 204 is a high-level device, specifi-
cally, a high-level node, and controls connection between
the user equipment (UE) 202 and the eNBs 207 comprising
a base station. The MME unit 204 configures the EPC that
is a core network. The base station 203 configures the
E-UTRAN 201.

[0163] The base station 203 may configure one or more
cells. Each of the cells has a predefined range as a coverage
that is a range in which communication with the user
equipment 202 is possible, and performs radio communica-
tion with the user equipment 202 within the coverage. When
the one base station 203 configures a plurality of cells, each
of the cells is configured to communicate with the user
equipment 202.

[0164] FIG. 3 is a block diagram illustrating an overall
configuration of a 5G communication system 210 that has
been discussed in 3GPP. FIG. 3 is described. A radio access
network is referred to as a next generation radio access
network (NG-RAN) 211. The UE 202 can perform radio
communication with an NR base station device (hereinafter
referred to as a “NR base station (NG-RAN NodeB (gNB))
) 213, and transmits and receives signals to and from the
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NR base station 213 via radio communication. Furthermore,
the core network is referred to as a 5G Core (5GC).
[0165] When control protocols for the UE 202, for
example, Radio Resource Control (RRC) and user planes
(may be hereinafter referred to as U-Planes), e.g., Service
Data Adaptation Protocol (SDAP), Packet Data Conver-
gence Protocol (PDCP), Radio Link Control (RLC),
Medium Access Control (MAC), and Physical Layer (PHY)
are terminated in the NR base station 213, one or more NR
base stations 213 configure the NG-RAN.

[0166] The functions of the control protocol of the Radio
Resource Control (RRC) between the UE 202 and the NR
base station 213 are identical to those in LTE. The states of
the NR base station 213 and the UE 202 in RRC include
RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE.
[0167] RRC_IDLE and RRC_CONNECTED are identical
to those in LTE. In RRC_INACTIVE, for example, broad-
cast of system information (SI), paging, cell reselection, and
mobility are performed while the connection between the 5G
Core and the NR base station 213 is maintained.

[0168] Through an NG interface, gNBs 217 are connected
to the Access and Mobility Management Function (AMF),
the Session Management Function (SMF), the User Plane
Function (UPF), or an AMF/SMF/UPF unit (may be here-
inafter referred to as a 5GC unit) 214 including the AMF, the
SMF, and the UPF. The control information and/or user data
are communicated between each of the gNBs 217 and the
5GC unit 214. The NG interface is a generic name for an N2
interface between the gNBs 217 and the AMF, an N3
interface between the gNBs 217 and the UPF, an N11
interface between the AMF and the SMF, and an N4 inter-
face between the UPF and the SMF. A plurality of the 5SGC
units 214 may be connected to one of the gNBs 217. The
gNBs 217 are connected through an Xn interface, and the
control information and/or user data are communicated
between the gNBs 217.

[0169] The NR base station 213 may configure one or
more cells in the same manner as the base station 203. When
the one NR base station 213 configures a plurality of cells,
each of the cells is configured to communicate with the UE
202.

[0170] Each of the gNBs 217 may be divided into a
Central Unit (may be hereinafter referred to as a CU) 218
and Distributed Units (may be hereinafter referred to as
DUs) 219. The one CU 218 is configured in the gNB 217.
The number of the DUs 219 configured in the gNB 217 is
one or more. The CU 218 is connected to the DUs 219 via
an F1 interface, and the control information and/or user data
are communicated between the CU 218 and each of the DUs
219.

[0171] FIG. 4 illustrates a structure of the DC to be
performed by an eNB and a gNB that are connected to the
EPC. In FIG. 4, solid lines represent connection to the
U-planes, and dashed lines represent connection to the
C-planes. In FIG. 4, an eNB 223-1 becomes a master base
station, and a gNB 224-2 becomes a secondary base station
(this DC structure may be referred to as EN-DC). Although
FIG. 4 illustrates an example U-Plane connection between
the MME unit 204 and the gNB 224-2 through the eNB
223-1, the U-Plane connection may be established directly
between the MME unit 204 and the gNB 224-2.

[0172] FIG. 5 illustrates a structure of the DC to be
performed by gNBs that are connected to the NG core. In
FIG. 5, solid lines represent connection to the U-planes, and
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dashed lines represent connection to the C-planes. In FIG. 5,
a gNB 224-1 becomes a master base station, and the gNB
224-2 becomes a secondary base station (this DC structure
may be referred to as NR-DC). Although FIG. 5 illustrates
an example U-Plane connection between the SGC unit 214
and the gNB 224-2 through the gNB 224-1, the U-Plane
connection may be established directly between the 5GC
unit 214 and the gNB 224-2.

[0173] FIG. 6 illustrates a structure of the DC to be
performed by an eNB and a gNB that are connected to the
NG core. In FIG. 6, solid lines represent connection to the
U-planes, and dashed lines represent connection to the
C-planes. In FIG. 6, an eNB 226-1 becomes a master base
station, and the gNB 224-2 becomes a secondary base
station (this DC structure may be referred to as NG-EN-DC).
Although FIG. 6 illustrates an example U-Plane connection
between the SGC unit 214 and the gNB 224-2 through the
eNB 226-1, the U-Plane connection may be established
directly between the SGC unit 214 and the gNB 224-2.
[0174] FIG. 7 illustrates another structure of the DC to be
performed by an eNB and a gNB that are connected to the
NG core. In FIG. 7, solid lines represent connection to the
U-planes, and dashed lines represent connection to the
C-planes. In FIG. 7, the gNB 224-1 becomes a master base
station, and an eNB 226-2 becomes a secondary base station
(this DC structure may be referred to as NE-DC). Although
FIG. 7 illustrates an example U-Plane connection between
the 5GC unit 214 and the eNB 226-2 through the gNB 224-1,
the U-Plane connection may be established directly between
the 5GC unit 214 and the eNB 226-2.

[0175] FIG. 8 is a block diagram showing the configura-
tion of the user equipment 202 of FIG. 2. The transmission
process of the user equipment 202 shown in FIG. 8 is
described. First, a transmission data buffer unit 303 stores
the control data from a protocol processing unit 301 and the
user data from an application unit 302. The data stored in the
transmission data buffer unit 303 is passed to an encoding
unit 304, and is subjected to an encoding process such as
error correction. There may exist the data output from the
transmission data buffer unit 303 directly to a modulating
unit 305 without the encoding process. The data encoded by
the encoding unit 304 is modulated by the modulating unit
305. The modulating unit 305 may perform precoding in the
MIMO. The modulated data is converted into a baseband
signal, and the baseband signal is output to a frequency
converting unit 306 and is then converted into a radio
transmission frequency. After that, transmission signals are
transmitted from antennas 307-1 to 307-4 to the base station
203. Although FIG. 8 exemplifies a case where the number
of antennas is four, the number of antennas is not limited to
four.

[0176] The user equipment 202 executes the reception
process as follows. The radio signal from the base station
203 is received through each of the antennas 307-1 to 307-4.
The received signal is converted from a radio reception
frequency into a baseband signal by the frequency convert-
ing unit 306 and is then demodulated by a demodulating unit
308. The demodulating unit 308 may calculate a weight and
perform a multiplication operation. The demodulated data is
passed to a decoding unit 309, and is subjected to a decoding
process such as error correction. Among the pieces of
decoded data, the control data is passed to the protocol
processing unit 301, and the user data is passed to the
application unit 302. A series of processes by the user
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equipment 202 is controlled by a control unit 310. This
means that, though not shown in FIG. 8, the control unit 310
is connected to the individual units 301 to 309. In FIG. 8, the
number of antennas for transmission of the user equipment
202 may be identical to or different from that for its
reception.

[0177] FIG. 9 is a block diagram showing the configura-
tion of the base station 203 of FIG. 2. The transmission
process of the base station 203 shown in FIG. 9 is described.
An EPC communication unit 401 performs data transmis-
sion and reception between the base station 203 and the EPC
(such as the MME unit 204). A 5GC communication unit
412 transmits and receives data between the base station 203
and the 5GC (e.g., the 5GC unit 214). A communication with
another base station unit 402 performs data transmission and
reception to and from another base station. The EPC com-
munication unit 401, the 5GC communication unit 412, and
the communication with another base station unit 402 each
transmit and receive information to and from a protocol
processing unit 403. The control data from the protocol
processing unit 403, and the user data and the control data
from the EPC communication unit 401, the 5GC commu-
nication unit 412, and the communication with another base
station unit 402 are stored in a transmission data buffer unit
404.

[0178] The data stored in the transmission data buffer unit
404 is passed to an encoding unit 405, and then an encoding
process such as error correction is performed for the data.
There may exist the data output from the transmission data
buffer unit 404 directly to a modulating unit 406 without the
encoding process. The encoded data is modulated by the
modulating unit 406. The modulating unit 406 may perform
precoding in the MIMO. The modulated data is converted
into a baseband signal, and the baseband signal is output to
a frequency converting unit 407 and is then converted into
a radio transmission frequency. After that, transmission
signals are transmitted from antennas 408-1 to 408-4 to one
or a plurality of user equipments 202. Although FIG. 9
exemplifies a case where the number of antennas is four, the
number of antennas is not limited to four.

[0179] The reception process of the base station 203 is
executed as follows. A radio signal from one or a plurality
of user equipments 202 is received through the antenna 408.
The received signal is converted from a radio reception
frequency into a baseband signal by the frequency convert-
ing unit 407, and is then demodulated by a demodulating
unit 409. The demodulated data is passed to a decoding unit
410 and then subject to a decoding process such as error
correction. Among the pieces of decoded data, the control
data is passed to the protocol processing unit 403, the 5SGC
communication unit 412, the EPC communication unit 401,
or the communication with another base station unit 402,
and the user data is passed to the SGC communication unit
412, the EPC communication unit 401, and the communi-
cation with another base station unit 402. A series of
processes by the base station 203 is controlled by a control
unit 411. This means that, though not shown in FIG. 9, the
control unit 411 is connected to the individual units 401 to
410. In FIG. 9, the number of antennas for transmission of
the base station 203 may be identical to or different from that
for its reception.

[0180] Although FIG. 9 is the block diagram illustrating
the configuration of the base station 203, the base station 213
may have the same configuration. Furthermore, in FIGS. 8
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and 9, the number of antennas of the user equipment 202
may be identical to or different from that of the base station
203.

[0181] FIG. 10 is a block diagram showing the configu-
ration of the MME. FIG. 10 shows the configuration of an
MME 204aq included in the MME unit 204 shown in FIG. 2
described above. A PDN GW communication unit 501
performs data transmission and reception between the MME
204a and the PDN GW. A base station communication unit
502 performs data transmission and reception between the
MME 204a and the base station 203 by means of the S1
interface. In a case where the data received from the PDN
GW is user data, the user data is passed from the PDN GW
communication unit 501 to the base station communication
unit 502 via a user plane communication unit 503 and is then
transmitted to one or a plurality of base stations 203. In a
case where the data received from the base station 203 is
user data, the user data is passed from the base station
communication unit 502 to the PDN GW communication
unit 501 via the user plane communication unit 503 and is
then transmitted to the PDN GW.

[0182] In a case where the data received from the PDN
GW is control data, the control data is passed from the PDN
GW communication unit 501 to a control plane control unit
505. In a case where the data received from the base station
203 is control data, the control data is passed from the base
station communication unit 502 to the control plane control
unit 505.

[0183] The control plane control unit 505 includes a NAS
security unit 505-1, an SAE bearer control unit 505-2, and
an idle state mobility managing unit 505-3, and performs an
overall process for the control plane (hereinafter also
referred to as a “C-plane”). The NAS security unit 505-1
provides, for example, security of a non-access stratum
(NAS) message. The SAE bearer control unit 505-2 man-
ages, for example, a system architecture evolution (SAE)
bearer. The idle state mobility managing unit 505-3 per-
forms, for example, mobility management of an idle state
(LTE-IDLE state which is merely referred to as idle as well),
generation and control of a paging signal in the idle state,
addition, deletion, update, and search of a tracking area of
one or a plurality of user equipments 202 being served
thereby, and tracking area list management.

[0184] The MME 2044 distributes a paging signal to one
or a plurality of base stations 203. In addition, the MME
204a performs mobility control of an idle state. When the
user equipment is in the idle state and an active state, the
MME 204a manages a list of tracking areas. The MME 2044
begins a paging protocol by transmitting a paging message
to the cell belonging to a tracking area in which the UE is
registered. The idle state mobility managing unit 505-3 may
manage the CSG of the eNBs 207 to be connected to the
MME 204a, CSG IDs, and a whitelist.

[0185] FIG. 11 is a block diagram illustrating a configu-
ration of the 5GC. FIG. 11 illustrates a configuration of the
5GC unit 214 in FIG. 3. FIG. 11 illustrates a case where the
5GC unit 214 in FIG. 5 includes configurations of the AMF,
the SMF, and the UPF. A data network communication unit
521 transmits and receives data between the 5GC unit 214
and a data network. A base station communication unit 522
transmits and receives data via the S1 interface between the
5GC unit 214 and the base station 203 and/or via the NG
interface between the 5GC unit 214 and the base station 213.
When the data received through the data network is user
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data, the data network communication unit 521 passes the
user data to the base station communication unit 522 through
a user plane communication unit 523 to transmit the user
data to one or more base stations, specifically, the base
station 203 and/or the base station 213. When the data
received from the base station 203 and/or the base station
213 is user data, the base station communication unit 522
passes the user data to the data network communication unit
521 through the user plane communication unit 523 to
transmit the user data to the data network.

[0186] When the data received from the data network is
control data, the data network communication unit 521
passes the control data to a session management unit 527
through the user plane control unit 523. The session man-
agement unit 527 passes the control data to a control plane
control unit 525. When the data received from the base
station 203 and/or the base station 213 is control data, the
base station communication unit 522 passes the control data
to the control plane control unit 525. The control plane
control unit 525 passes the control data to the session
management unit 527.

[0187] The control plane control unit 525 includes, for
example, a NAS security unit 525-1, a PDU session control
unit 525-2, and an idle state mobility managing unit 525-3,
and performs overall processes on the control planes (may
be hereinafter referred to as C-Planes). The NAS security
unit 525-1, for example, provides security for a Non-Access
Stratum (NAS) message. The PDU session control unit
525-2, for example, manages a PDU session between the
user equipment 202 and the 5GC unit 214. The idle state
mobility managing unit 525-3, for example, manages mobil-
ity of an idle state (an RRC_IDLE state or simply referred
to as idle), generates and controls paging signals in the idle
state, and adds, deletes, updates, and searches for tracking
areas of one or more user equipments 202 being served
thereby, and manages a tracking area list.

[0188] The SGC unit 214 distributes the paging signals to
one or more base stations, specifically, the base station 203
and/or the base station 213. Furthermore, the 5GC unit 214
controls mobility of the idle state. The 5GC unit 214
manages the tracking area list when a user equipment is in
an idle state, an inactive state, and an active state. The 5GC
unit 214 starts a paging protocol by transmitting a paging
message to a cell belonging to a tracking area in which the
UE is registered.

[0189] An example of a cell search method in a mobile
communication system is described next. FIG. 12 is a
flowchart showing an outline from a cell search to an idle
state operation performed by a communication terminal
(UE) in the LTE communication system. When starting a
cell search, in Step ST601, the communication terminal
synchronizes slot timing and frame timing by a primary
synchronization signal (P-SS) and a secondary synchroni-
zation signal (S-SS) transmitted from a neighbor base sta-
tion.

[0190] The P-SS and S-SS are collectively referred to as a
synchronization signal (SS). Synchronization codes, which
correspond one-to-one to PCls assigned per cell, are
assigned to the synchronization signals (SSs). The number
of PCIs is currently studied in 504 ways. The 504 ways of
PCIs are used for synchronization, and the PCIs of the
synchronized cells are detected (specified).

[0191] In Step ST602, next, the user equipment detects a
cell-specific reference signal (CRS) being a reference signal
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(RS) transmitted from the base station per cell and measures
the reference signal received power (RSRP). The codes
corresponding one-to-one to the PCIs are used for the
reference signal RS. Separation from another cell is enabled
by correlation using the code. The code for RS of the cell is
calculated from the PCI specified in Step ST601, so that the
RS can be detected and the RS received power can be
measured.

[0192] In Step ST603, next, the user equipment selects the
cell having the best RS received quality, for example, the
cell having the highest RS received power, that is, the best
cell, from one or more cells that have been detected up to
Step ST602.

[0193] In Step ST604, next, the user equipment receives
the PBCH of the best cell and obtains the BCCH that is the
broadcast information. A master information block (MIB)
containing the cell configuration information is mapped to
the BCCH over the PBCH. Accordingly, the MIB is obtained
by obtaining the BCCH through reception of the PBCH.
Examples of the MIB information include the downlink
(DL) system bandwidth (also referred to as a transmission
bandwidth configuration (dl-bandwidth)), the number of
transmission antennas, and a system frame number (SFN).
[0194] In Step ST605, next, the user equipment receives
the DL-SCH of the cell based on the cell configuration
information of the MIB, to thereby obtain a system infor-
mation block (SIB) 1 of the broadcast information BCCH.
The SIB1 contains the information about the access to the
cell, information about cell selection, and scheduling infor-
mation on another SIB (SIBk; k is an integer equal to or
greater than two). In addition, the SIB1 contains a tracking
area code (TAC).

[0195] In Step ST606, next, the communication terminal
compares the TAC of the SIB1 received in Step ST605 with
the TAC portion of a tracking area identity (TAI) in the
tracking area list that has already been possessed by the
communication terminal. The tracking area list is also
referred to as a TAI list. TAI is the identification information
for identifying tracking areas and is composed of a mobile
country code (MCC), a mobile network code (MNC), and a
tracking area code (TAC). MCC is a country code. MNC is
a network code. TAC is the code number of a tracking area.
[0196] If the result of the comparison of Step ST606
shows that the TAC received in Step ST605 is identical to
the TAC included in the tracking area list, the user equip-
ment enters an idle state operation in the cell. If the
comparison shows that the TAC received in Step ST605 is
not included in the tracking area list, the communication
terminal requires a core network (EPC) including MME to
change a tracking area through the cell for performing
tracking area update (TAU).

[0197] Although FIG. 12 exemplifies the operations from
the cell search to the idle state in LTE, the best beam may
be selected in NR in addition to the best cell in Step ST603.
In NR, information on a beam, for example, an identifier of
the beam may be obtained in Step ST604. Furthermore,
scheduling information on the Remaining Minimum SI
(RMSI) in NR may be obtained in Step ST604. The RMSI
in NR may be obtained in Step ST605.

[0198] The device configuring a core network (hereinafter,
also referred to as a “core-network-side device”) updates the
tracking area list based on an identification number (such as
UE-ID) of a communication terminal transmitted from the
communication terminal together with a TAU request signal.
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The core-network-side device transmits the updated tracking
area list to the communication terminal. The communication
terminal rewrites (updates) the TAC list of the communica-
tion terminal based on the received tracking area list. After
that, the communication terminal enters the idle state opera-
tion in the cell.

[0199] Widespread use of smartphones and tablet terminal
devices explosively increases traffic in cellular radio com-
munications, causing a fear of insufficient radio resources all
over the world. To increase spectral efficiency, thus, it is
studied to downsize cells for further spatial separation.
[0200] In the conventional configuration of cells, the cell
configured by an eNB has a relatively-wide-range coverage.
Conventionally, cells are configured such that relatively-
wide-range coverages of a plurality of cells configured by a
plurality of macro eNBs cover a certain area.

[0201] When cells are downsized, the cell configured by
an eNB has a narrow-range coverage compared with the
coverage of a cell configured by a conventional eNB. Thus,
in order to cover a certain area as in the conventional case,
a larger number of downsized eNBs than the conventional
eNBs are required.

[0202] In the description below, a “macro cell” refers to a
cell having a relatively wide coverage, such as a cell
configured by a conventional eNB, and a “macro eNB”
refers to an eNB configuring a macro cell. A “small cell”
refers to a cell having a relatively narrow coverage, such as
a downsized cell, and a “small eNB” refers to an eNB
configuring a small cell.

[0203] The macro eNB may be, for example, a “wide area
base station” described in Non-Patent Document 7.

[0204] The small eNB may be, for example, a low power
node, local area node, or hotspot. Alternatively, the small
eNB may be a pico eNB configuring a pico cell, a femto eNB
configuring a femto cell, HeNB, remote radio head (RRH),
remote radio unit (RRU), remote radio equipment (RRE), or
relay node (RN). Still alternatively, the small eNB may be a
“local area base station” or “home base station” described in
Non-Patent Document 7.

[0205] FIG. 13 illustrates an example structure of a cell in
NR. In the cell in NR, a narrow beam is formed and
transmitted in a changed direction. In the example of FIG.
13, a base station 750 performs transmission and reception
with a user equipment via a beam 751-1 at a certain time.
The base station 750 performs transmission and reception
with the user equipment via a beam 751-2 at another time.
Similarly, the base station 750 performs transmission and
reception with the user equipment via one or more of beams
751-3 to 751-8. As such, the base station 750 configures a
cell with a wide range.

[0206] Although FIG. 13 exemplifies that the number of
beams to be used by the base station 750 is eight, the number
of'beams may be different from eight. Although FIG. 13 also
exemplifies that the number of beams to be simultaneously
used by the base station 750 is one, the number of such
beams may be two or more.

[0207] A Location Management Function (LMF) may be
provided for the positioning using the 5G system. The LMF
may control the positioning in the 5G system. The LMF may
instruct the base station to perform positioning of the UE.
The base station may instruct the UE to perform its posi-
tioning. As another example, the UE may request the LMF
to perform positioning of its own UE. The base station may
notify the request to the LMF.
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[0208] The positioning protocol (e.g., LTE Positioning
Protocol (LPP) or NR Positioning Protocol A (NRPPa))
disclosed in Non-Patent Document 30 (3GPP TS38.305
V15.2.0) may be used for the signaling between the Loca-
tion Management Function (LMF) and the UE. Similar
protocols may be used for the signaling between the LMF
and the UE.

[0209] The positioning with beams may be performed in
NR. The base station may determine a position of the UE,
using a direction of a beam for the positioning of the UE and
information on a distance between the base station and the
UE. Furthermore, a plurality of base stations may perform
the positioning in NR. For example, a plurality of base
stations may perform the positioning with beams. The
plurality of base stations may determine, as the position of
the UE, an overlapping area of beam coverage areas used by
the base stations.

[0210] The base stations may be Distributed Units (DUs)
or TRPs. For example, each of the base stations may perform
positioning, using a plurality of DUs or a plurality of TRPs.
[0211] The base station and the UE need to communicate
via direct waves to perform high-precision positioning with
beams. Since many obstacles such as shelves are placed in
the indoor environment, there is a possibility that the base
station and the UE communicate via reflected waves. This
causes problems of an error in a direction of the UE when
viewed from the base station, and increase in the positioning
error.

[0212] The first embodiment discloses a method for solv-
ing the problems.

[0213] A base station in a position visible from the UE
performs positioning. The position visible from the UE may
be represented as a line-of-sight position from the UE. This
representation is also applicable when, for example, a device
other than the UE is used as a starting point. The base station
may be a DU or a TRP (the same may apply to the following
description). The base station may be, for example, a base
station near the UE.

[0214] The positioning of the UE may be performed in a
plurality of steps. The positioning of the UE may be per-
formed, for example, in two steps or in three or more steps.
Positioning types may be provided for the positioning per-
formed in a plurality of steps. Examples of the types may
include preliminary positioning and precise positioning.
[0215] Information on the positioning may be provided in
each of the steps. The following (1) to (7) are disclosed as
examples of the information provided in each of the steps.

[0216] (1) Positioning precision

[0217] (2) An entity that determines a positioning base
station

[0218] (3) Information on, for example, a communication

system for the positioning

[0219] (4) A positioning method
[0220] (5) A required time for the positioning
[0221] (6) Information on the number of base stations that

perform positioning

[0222] (7) Combinations of (1) and (6) above

[0223] The positioning precision in (1) may be given, for
example, in a predetermined unit (e.g., in meters). This can,
for example, avoid the design complexity on notification of
the positioning precision. As another example, a parameter
representing required precision may be provided. Each value
of the parameter may be associated with the required pre-
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cision. This can, for example, reduce the bit size for noti-
fying the positioning precision.

[0224] The entity that determines a positioning base sta-
tion in (2) may be, for example, a serving gNB. This can, for
example, reduce the amount of signaling for the positioning
between a 5G core and the base station. As another example,
the determining entity may be the LMF. This can, for
example, reduce the amount of processing in the base
station.

[0225] The information on a communication system for
the positioning in (3) may be on, for example, the 5G
system, the LTE system, the wireless LAN, or the Bluetooth
(registered trademark). As another example, the information
in (3) may be information indicating the positioning using,
for example, a gravitational acceleration sensor, a speed
sensor, or a sensor mounted on an NB-IoT device (e.g., an
atmosphere pressure sensor), or information indicating the
positioning using the GNSS. The UE may notify the infor-
mation obtained by the sensor to a serving base station, the
AMF, or the LMF. The measurement result of the sensor
may be included in the RRC signaling, the NAS signaling,
or the signaling of the LPP and/or the NRPPa. Inclusion of
the information in (3) can, for example, increase the flex-
ibility of positioning of the UE.

[0226] Information on the positioning method in (4) may
include, for example, information indicating whether the
positioning is performed with beams. Consequently, use of,
for example, information indicating that the positioning is
not performed with beams can accelerate the positioning. As
another example, use of information indicating the position-
ing with beams can increase the precision of the positioning.
[0227] As another example, the information in (4) may
include information indicating the positioning using
Observed Time Difference Of Arrival (OTDOA) and/or
Enhanced Cell ID (ECID) that are disclosed in Non-Patent
Document 30 (3GPP TS38.305 V15.2.0), or information
indicating whether a signal for the positioning is an uplink
signal or a downlink signal. This can, for example, increase
the flexibility of the positioning.

[0228] The required time for the positioning in (5) may be
given, for example, in predetermined unit (e.g., in millisec-
onds). This can, for example, avoid the design complexity
on notification of the required time for the positioning. As
another example, a parameter representing the required time
may be provided. Each value of the parameter may be
associated with the required time. This can, for example,
reduce the bit size for notifying the required time for the
positioning.

[0229] The number of base stations to be used for posi-
tioning may be determined using the information in (6) in
the communication system. For example, reduction in the
number of base stations can accelerate the positioning. As
another example, increase in the number of base stations can
increase the precision of the positioning.

[0230] The information in (1) to (7) may be predefined in
a standard. This can, for example, reduce the amount of
signaling between the LMF and the base station. As another
example, the LMF may determine the information. The
LMF may notify the base station of the information. This
enables, for example, flexible positioning. As another
example, the AMF may determine the information. Since the
AMF can determine, for example, the number of base
stations to be used for positioning using load states of the
base stations, the efficiency in the communication system
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can be increased. As another example, the base station may
determine the information. The base station may be, for
example, a serving base station. This can, for example,
increase the flexibility of positioning and reduce the amount
of signaling between the LMF and the base station. As
another example, a base station different from the serving
base station, for example, a base station provided for the
positioning may determine the information. This can, for
example, increase the efficiency in the communication sys-
tem.

[0231] The information in (1) to (7) may be configured for
each UE. For example, the positioning precision in (1) or the
required time for the positioning in (5) may vary for each
UE. This enables, for example, efficient positioning and
saving of the resources in the communication system.
[0232] The preliminary positioning may be performed first
in the communication system. The preliminary positioning
may be, for example, positioning for estimating an approxi-
mate position of a positioning target UE (may be hereinafter
referred to as a target UE). In the preliminary positioning,
for example, a base station to which the target UE is
connected (may be hereinafter referred to as a serving base
station) may determine a base station that performs posi-
tioning. The base station that performs positioning may be,
for example, a base station around the serving base station
or a base station in a RAN Notification Area (RNA) to which
the serving base station belongs. This can, for example,
reduce the signaling between the base station and the 5G
core system.

[0233] As another example, the LMF may select a base
station that performs positioning. The LMF may select the
base station using, for example, information on a position of
the base station. As an example of using the information on
the position of the base station, the LMF may select, as the
base station that performs positioning, a base station in a
section to which the serving base station belongs. The
section may be, for example, an indoor room or an area
separated by dividers in the room. Alternatively, the section
may be, for example, defined per floor level of a building.
For example, the LMF selects a base station in an edge
and/or a corner of the room, so that a coverage of the
preliminary positioning can be increased.

[0234] As another example, the AMF may select the base
station that performs positioning. The AMF may select the
base station using, for example, information on loads of base
stations being served thereby. This can, for example, balance
the loads in the communication system. Consequently, the
stability in the communication system can be increased.
[0235] The serving base station may be used for the
preliminary positioning. This enables, for example, effective
signaling in the preliminary positioning. As another
example, the serving base station need not be used for the
preliminary positioning. This enables, for example, the
serving base station to transmit and receive data to and from
another UE. Consequently, the efficiency in the communi-
cation system can be increased.

[0236] The precise positioning may be performed in the
communication system. The precise positioning may be
performed, for example, after the preliminary positioning. In
the precise positioning, the LMF may determine a base
station that performs positioning. The LMF may determine,
as the base station that performs positioning, a base station
that can perform line-of-sight communication with the target
UE (i.e., a base station that can communicate with the target
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UE via direct waves). The LMF may determine the base
station using information on a position of an obstacle. This
enables, for example, the positioning between the base
station and the UE via direct waves. Consequently, the
positioning precision can be increased.

[0237] Similarly to the preliminary positioning, the serv-
ing base station may be or need not be used for the precise
positioning. This produces, for example, the same advan-
tages as those of the preliminary positioning.

[0238] The LMF may instruct the serving base station of
the target UE to perform positioning of the target UE. The
instruction may include information indicating the prelimi-
nary positioning, information on a positioning base station,
or information for identifying the target UE. The LMF may
notify the serving base station of the instruction through the
AMF.

[0239] The information on the positioning base station
included in the instruction may be information indicating
that the serving base station is an entity that determines the
positioning base station. The serving base station may
determine the positioning base station, using the informa-
tion. The positioning base station may be, for example, a
base station in a neighborhood of the serving base station, a
base station in a RAN Notification Area (RNA) to which the
serving base station belongs, an eNB, or a gNB. This
enables, for example, the serving base station to flexibly
select the positioning base station.

[0240] As another example, the information on the posi-
tioning base station may be information for identifying the
positioning base station. For example, the serving base
station need not perform a process of determining the
positioning base station. This can reduce the amount of
processing in the serving base station.

[0241] The serving base station may notify the base station
that performs positioning of the instruction received from
the LMF. The serving base station may give the notification
through, for example, an interface between the base stations
(e.g., the Xn interface). The notification may include the
information for identifying the target UE, information on the
frequency and/or time resources of a positioning signal for
the positioning of the UE, or information on a code sequence
of the positioning signal. Examples of the positioning signal
may include a downlink PRS, an SS block, an uplink
DM-RS, and the CSI-RS. Further, the examples of the
positioning signal may include an uplink PRS, the SRS, the
PRACH, and the uplink DM-RS.

[0242] The serving base station may determine the infor-
mation on the frequency and/or time resources of the posi-
tioning signal and/or the code sequence of the positioning
signal. This can, for example, increase the flexibility on the
configuration of the positioning signal. As another example,
the LMF may determine the information and notify the
serving base station of the information. This can, for
example, avoid the complexity on the configuration of the
positioning signal.

[0243] The base station that performs positioning may
configure the positioning, using the information. The base
station may notify the serving base station of the completion
of the configuration. The serving base station may instruct
the UE to receive the positioning signal. The serving base
station may issue the instruction, for example, via the RRC
dedicated signaling (e.g., RRC reconfiguration (RRCRecon-
figuration)). As another example, the serving base station
may issue the instruction, for example, via the RRC com-
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mon signaling, e.g., using the system information. The RRC
common signaling may be used, for example, when the
serving base station simultaneously instructs a plurality of
UEs to perform positioning. This enables, for example,
prompt issuance of the instructions to the plurality of UEs.

[0244] The serving base station may transmit the instruc-
tion to each of the UEs, after the base station notifies the
serving base station of the completion of the configuration.
The instruction may include information on the base station
to be used for positioning, information on the positioning
signal, for example, the information on the frequency and/or
time resources of the signal, and/or information on the code
sequence of the positioning signal. The serving base station
may give the information on the positioning signal for each
base station to be used for positioning. For example, when
the base station to be used for positioning cannot configure
the positioning signal, the serving base station may notify
the UE of the instruction except for information on the base
station that cannot configure the positioning signal and/or
information on the configuration of the positioning signal to
be used by the base station. This can, for example, prevent
a variance on the configuration of the positioning signal
between the UE, the serving base station, and the base
station that performs positioning. Consequently, the stability
in the communication system can be increased.

[0245] The instruction to be transmitted from the serving
base station to the UE may include the information on the
frequency and/or time resources of the positioning signal,
the information on the code sequence of the positioning
signal, or information on the base station that performs
positioning. The instruction may include combined infor-
mation of some of these. The information on the base station
that performs positioning may include an identifier of the
base station, or information on the transmission timing of the
base station. The information on the transmission timing of
the base station may be, for example, information of the base
station on a frame offset for the serving base station.
Inclusion of the information on the frame offset in the
instruction enables, for example, the UE to establish down-
link synchronization without receiving a synchronization
signal (e.g., an SS block) transmitted from the base station.
This can accelerate the positioning.

[0246] Upon receipt of the instruction, the UE may con-
figure the positioning. The UE may notify the serving base
station of the completion of the configuration for the posi-
tioning. The UE may give the notification, for example, via
the RRC dedicated signaling (e.g., RRC reconfiguration
completion (RRCReconfigurationComplete)). The serving
base station may notify the base station that performs
positioning of the completion of the configuration in the UE.
The serving base station may notify the base station that
performs positioning via the signaling in the interface
between the base stations (e.g., the Xn interface). Upon
receipt of the notification, the base station that performs
positioning may transmit and/or receive the positioning
signal to and from the UE. For example, after the UE
completes the configuration of the positioning signal, the
base station that performs positioning can transmit the
positioning signal. This can increase the use efficiency of the
frequency, time, and/or code resources for the positioning.

[0247] The UE may receive or transmit the positioning
signal, with the configuration included in the instruction to
be transmitted from the serving base station.
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[0248] The UE may report a reception result of the posi-
tioning signal to the serving base station. The serving base
station may estimate the position of the UE, using the result.
The serving base station may transmit information on the
estimated position to the LMF. The serving base station may
transmit the information through the AMF.

[0249] The LMF may determine a base station to be used
for the precise positioning. The LMF may make the deter-
mination, for example, using a result of the preliminary
positioning. The LMF may determine, for example, a base
station in a line-of-sight position from the UE as the base
station to be used for the precise positioning. The LMF may
obtain, in advance, information on a propagation environ-
ment, for example, information on an obstacle. This can, for
example, increase the precision of the positioning of the UE.
[0250] The LMF may instruct the base station that per-
forms positioning to perform positioning of the target UE.
The instruction may include information indicating the
precise positioning, information for identifying the target
UE, or information on the configuration of the positioning
signal. The LMF may issue the instruction to the base station
through the AMF.

[0251] The LMF may determine beams that the base
station uses for the positioning. The LMF may make the
determination, for example, using a result of the preliminary
positioning. The LMF may include information on the
beams in the information on the configuration of the posi-
tioning signal and notify the serving base station of the
information. This can, for example, reduce the amount of
processing on control of the positioning to be performed by
the serving base station.

[0252] As another example, the LMF may instruct the
serving base station to perform positioning of the UE. The
instruction may include information indicating the precise
positioning, or information similar to that for instructing the
preliminary positioning.

[0253] Besides, the signaling for the precise positioning
may be the same as that for the preliminary positioning. This
can, for example, avoid the design complexity in the com-
munication system.

[0254] FIGS. 14 to 16 illustrate an outline of operations
for performing positioning of the UE in a plurality of steps.
FIGS. 14 to 16 are connected across locations of borders
BL1415 and BLL1516. FIGS. 14 to 16 illustrate an example
of performing positioning of the UE in two steps, specifi-
cally, an example of performing the preliminary positioning
in the first step and the precise positioning in the second step.
In the example of FIGS. 14 to 16, the serving gNB and the
gNB #1 perform positioning of the UE in the first step, and
the serving gNB and the gNB #2 perform positioning of the
UE in the second step. In the example of FIGS. 14 to 16, the
serving gNB determines a base station that performs the
positioning in the first step, and the LMF determines a base
station that performs the positioning in the second step.
[0255] Inaprocedure ST1401 in FIG. 14, the LMF obtains
information on positions of the serving gNB, the gNB #1,
and the gNB #2.

[0256] In Steps ST1402 to ST1441 in FIGS. 14 to 16, the
positioning in the first step is performed.

[0257] 1In Steps ST1402 and ST1403 in FIG. 14, the LMF
instructs the serving gNB to perform positioning of the UE
through the AMF. Step ST1402 indicates notification of the
instruction from the LMF to the AMF, and Step ST1403
indicates notification of the instruction from the AMF to the
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serving gNB. The positioning protocol (e.g., LTE Position-
ing Protocol (LPP) or NR Positioning Protocol A (NRPPa))
may be used for the instruction in Steps ST1402 and
ST1403.

[0258] The instruction in Steps ST1402 and ST1403 may
include information indicating the preliminary positioning.
As another example, the instruction may include informa-
tion indicating the positioning in the first step. As another
example, the instruction may include information on the
base stations obtained by the LMF in the procedure ST1401.
This enables, for example, the serving gNB to estimate the
position of the UE.

[0259] In Step ST1404 in FIG. 14, the serving gNB
determines a base station to be used for positioning, using
the instruction notified in Step ST1403. The serving gNB
may determine the base station to be used for positioning,
using the preliminary positioning as a positioning type
included in the instruction notified in Step ST1403. Alter-
natively, the serving gNB may determine the base station to
be used for positioning, using the instruction as an instruc-
tion of the positioning in the first step. The base station may
be, for example, a gNB adjacent to its own gNB or a gNB
belonging to the same RNA as its own gNB. As another
example, the base station may be an LTE base station (eNB).
In the example of FIGS. 14 to 16, the serving gNB deter-
mines to use the gNB #1 and its own gNB for positioning.
[0260] In a procedure ST1410 in FIG. 15, positioning of
the UE is performed.

[0261] In Step ST1415 in FIG. 15, the serving gNB
instructs the gNB #1 to perform positioning of the UE. The
serving base station may give the instruction, for example,
through the interface between the base stations (e.g., the Xn
interface). The instruction may include information on the
target UE. The information may be, for example, an iden-
tifier of the target UE, or information on a configuration of
time resources and/or frequency resources for a positioning
signal to be transmitted to the target UE (e.g., a positioning
reference signal (PRS)). The gNB #1 configures transmis-
sion of the positioning signal to the target UE, using the
information obtained in Step ST1415. In Step ST1416, the
gNB #1 notifies the serving gNB of completion of the
configuration.

[0262] In Step ST1418 in FIG. 15, the serving gNB
instructs the UE to receive the positioning signal. The
instruction may include the information on the base station
to be used for positioning (e.g., an identifier of the base
station), or information on the configuration of time
resources and/or frequency resources of the positioning
signal to be transmitted to the UE (e.g., a positioning
reference signal (PRS)). The information on the configura-
tion may be information on a configuration of a positioning
signal to be transmitted by each base station for positioning.
In the example of FIGS. 14 to 16, the instruction may
include information on a configuration of a positioning
signal to be transmitted by each of the serving gNB and the
gNB #1. The UE configures reception of the positioning
signals from the serving gNB and the gNB #1, using the
information obtained in Step ST1418. In Step ST1419, the
UE notifies the serving gNB of completion of the configu-
ration instructed in Step ST1418. In Step ST1420, the
serving gNB notifies the gNB #1 of the completion of the
configuration in the UE.

[0263] In Step ST1425 in FIG. 15, the serving gNB
transmits the positioning signal to the UE. In Step ST1426,
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the gNB #1 transmits the positioning signal to the UE. In
Step ST1427, the UE receives the positioning signals trans-
mitted in Step ST1425 and

[0264] ST1426.

[0265] In Step ST1430 in FIG. 15, the UE reports, to the
serving gNB, the reception result of the positioning signals
in Step ST1427. The UE may give the report, for example,
via the RRC signaling or the signaling under the positioning
protocol. In Step ST1435, the serving gNB estimates the
position of the UE, using the reception result.

[0266] In Steps ST1440 and ST1441 in FIG. 16, the
serving gNB reports the result of the estimated position of
the UE to the LMF through the AMF. Step ST1440 indicates
notification of the report from the serving gNB to the AMF,
and Step ST1441 indicates notification of the report from the
AMF to the LMF. The reports in Steps ST1440 and ST1441
may include information indicating a result of the prelimi-
nary positioning. The positioning protocol (e.g., LTE Posi-
tioning Protocol (LPP) or NR Positioning Protocol A
(NRPPa)) may be used for the reports in Steps ST1440 and
ST1441. The result of the estimated position of the UE that
is included in the reports in Steps ST1440 and ST1441 may
include information on the position of the UE or information
on the precision of the position. Information on the result of
the estimated position of the UE may be, for example,
information on a universal Geographical Area Description
(GAD) shape disclosed in Non-Patent Document 31 (TS23.
032 V15.1.0). The protocols in Steps ST1403 and ST1402
may be used for the reports in Steps ST1440 and ST1441,
respectively. Through Step ST1441, the LMF obtains infor-
mation on the position of the UE.

[0267] In Steps ST1450 to ST1471 in FIG. 16, the posi-
tioning in the second step is performed.

[0268] In Step ST1450 in FIG. 16, the LMF determines a
base station to be used for the positioning in the second step.
The LMF may make the determination, for example, using
the information on the position of the UE obtained in Step
ST1441, or the information on the positions of the serving
gNB, the gNB #1, and the gNB #2 obtained in the procedure
ST1401. In the example of FIG. 16, the LMF determines to
use the serving gNB and the gNB #2 for the positioning in
the second step.

[0269] In Steps ST1452 and ST1453 in FIG. 16, the LMF
instructs the serving gNB to perform positioning of the UE
through the AMF. Step ST1452 indicates notification of the
instruction from the LMF to the AMF, and Step ST1453
indicates notification of the instruction from the AMF to the
serving gNB. The positioning protocol (e.g., LTE Position-
ing Protocol (LPP) or NR Positioning Protocol A (NRPPa))
may be used for the instructions in Steps ST1452 and
ST1453.

[0270] The instructions notified in Steps ST1452 and
ST1453 in FIG. 16 may include information indicating the
precise positioning. As another example, the instructions
may include information on the base stations obtained by the
LMF in the procedure ST1401. This enables, for example,
the serving gNB to estimate the position of the UE.

[0271] The instructions notified in Steps ST1452 and
ST1453 in FIG. 16 may include information on the target UE
or information on the base station that performs positioning.
In the example of FIG. 16, the information on the base
station that performs positioning may include information
on the serving gNB and the gNB #2. The serving gNB may
understand, through Step ST1453, the gNB #2 and its own
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gNB as base stations that perform the precise positioning.
This enables, for example, the serving gNB to promptly
perform the precise positioning.

[0272] In a procedure ST1460 in FIG. 16, positioning of
the UE is performed. The procedure ST1460 may be a
procedure obtained by reading the gNB #1 as the gNB #2 in
the procedure ST1410. In the procedure ST1460 in FIG. 16,
the serving gNB estimates the position of the UE.

[0273] In Steps ST1470 and ST1471 in FIG. 16, the
serving gNB reports the result of the estimated position of
the UE to the LMF through the AMF. Step ST1470 indicates
notification of the report from the serving gNB to the AMF,
and Step ST1471 indicates notification of the report from the
AMF to the LMF. The reports in Steps ST1470 and ST1471
may include information indicating a result of the precise
positioning. The positioning protocol (e.g., LTE Positioning
Protocol (LPP) or NR Positioning Protocol A (NRPPa)) may
be used for the reports in steps ST1470 and ST1471. The
result of the estimated position of the UE that is included in
the reports in Steps ST1470 and ST1471 may include the
information on the position of the UE or the information on
the precision of the position. Information on the result of the
estimated position of the UE may be, for example, infor-
mation on the universal Geographical Area Description
(GAD) shape disclosed in Non-Patent Document 31 (TS23.
032 V15.1.0). The protocols in Steps ST1403 and ST1402
may be used for the reports in Steps ST1440 and ST1441,
respectively. Through Step ST1471, the LMF obtains the
information on the position of the UE.

[0274] Although an example where the serving gNB
instructs the gNB #1 to perform positioning of the UE in
Step ST1415 in FIG. 15 is disclosed, the serving gNB may
issue the instruction through the AMF. The serving gNB may
issue the instruction through the AMF, for example, when
the serving gNB and the gNB #1 belong to different RANs
or different Tracking Areas (TAs). This enables, for
example, the serving gNB to notify the instruction of posi-
tioning of the UE to base stations belonging to different
RNAs and/or different TAs.

[0275] Although FIG. 15 illustrates an example where the
UE receives the downlink positioning signals, the UE may
transmit uplink positioning signals. Examples of the uplink
positioning signals may include the uplink PRS, the SRS,
the PRACH, and the DM-RS. When the uplink signals are
used for positioning, the positioning signal transmission
instruction in Step ST1415 and the response to the position-
ing signal transmission instruction in Step ST1416 may be
configuring a positioning signal and notification of the
completion of the configuration of the positioning signal,
respectively. Furthermore, the configuring of the positioning
signal in Step ST1418 and the notification of the completion
of'the configuration of the positioning signal in Step ST1419
may be a positioning signal transmission instruction and a
response to the positioning signal transmission instruction,
respectively. Furthermore, the notification of the completion
of'the configuration of the positioning signal in Step ST1420
need not be performed. The positioning signals in Steps
ST1425 and ST1426 may be signals to be transmitted from
the UE to the serving gNB and the gNB #1. The serving gNB
and the gNB #1 may receive the positioning signals in Step
ST1427, instead of the UE. The gNB #1 may report, to the
serving gNB, the reception result of the positioning signal in
Step ST1430. The same may apply to the procedure ST1460
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in FIG. 16. Transmission of the uplink positioning signals by
the UE can, for example, reduce the amount of processing in
the base stations.

[0276] The LMF may obtain information on the position
of the base station in advance. The LMF may request the
information on the position of the base station from the base
station. In response to the request, the base station may
notify the LMF of the position of its own base station.
[0277] The base station may perform positioning of its
own base station. In response to the aforementioned request,
the base station may perform positioning of its own base
station. The base station may perform the positioning, for
example, using a positioning system such as the GNSS or in
a method of using another base station. The other base
station may be, for example, a base station in a known
position.

[0278] The base station may broadcast information on the
position of its own base station. The base station may give
the broadcast, for example, using the SIB. Using the infor-
mation, the UE and/or another base station may determine
that the position of the base station is known, or obtain the
position of the base station. For example, the LUE and/or
another base station may determine whether the position of
the base station is known or unknown, using the presence or
absence of the SIB including the information. This enables,
for example, the UE and/or the other base station to
promptly understand whether the position of the base station
is known, and consequently promptly perform the position-
ing.

[0279] The base station may notify the LMF of informa-
tion on the position of its own base station, even when the
LMF does not request the information on the position from
its own base station. The base station may notify the LMF
of the information on the position of its own base station,
when being connected to the LMF or with a predetermined
period. The period may be defined, for example, in a
standard, determined and notified to the base station by the
LMF, determined and notified to the base station by the
AME, or determined by its own base station. For example,
the base station notifies the LMF of information on the
position of its own base station with a predetermined period,
so that the LMF can obtain even a position of a moving base
station.

[0280] The LMF may make the aforementioned request to
aplurality of base stations. For example, the LMF may make
the request simultaneously to base stations in the same RNA
or in the same TA. The LMF may make the request through
the AMF. The LMF may transmit the request to the AMF via
one signaling. The AMF may notify a plurality of base
stations of the instruction from the LMF. This can, for
example, reduce the amount of signaling between the LMF
and the AMF.

[0281] FIG. 17 illustrates a sequence of operations when
the LMF obtains information on the position of the base
station in the procedure ST1401 in the example of FIGS. 14
to 16. In the example of FIG. 17, the LMF obtains infor-
mation on the positions of the serving gNB, the gNB #1, and
the gNB #2.

[0282] In Step ST1501 of FIG. 17, the LMF notifies the
AMF of a positioning instruction to each of the gNBs. The
instructions notified in Step ST1501 may include informa-
tion on the serving gNB, the gNB #1, and the gNB #2. The
instructions notified in Step ST1501 may include informa-
tion on the positioning precision of each of the gNBs.
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Through Step ST1501, the AMF obtains information on the
positioning target base stations.

[0283] In Step ST1505 in FIG. 17, the AMF notifies the
serving gNB of the positioning instruction received in Step
ST1501. The notification in Step ST1505 may include
information on the positioning precision of the serving gNB.
In Step ST1506, the serving gNB performs positioning of its
own gNB. In Step ST1507, the serving gNB reports, to the
AME, the result of the positioning of its own gNB.

[0284] Steps ST1510, ST1511, and ST1512 in FIG. 17
correspond to Steps ST1505, ST1506, and ST1507 per-
formed between the AMF and the serving gNB, respectively.
In Steps ST1510, ST1511, and ST1512 in FIG. 17, the AMF
and the gNB #1 perform the processes in Steps ST1505,
ST1506, and ST1507, respectively.

[0285] Steps ST1515, ST1516, and ST1517 in FIG. 17
correspond to Steps ST1505, ST1506, and ST1507 per-
formed between the AMF and the serving gNB, respectively.
In Steps ST1515, ST1516, and ST1517 in FIG. 17, the AMF
and the gNB #2 perform the processes in Steps ST1505,
ST1506, and ST1507, respectively.

[0286] In Step ST1520 in FIG. 17, the AMF reports the
results of the positioning of the base stations notified from
the serving gNB, the gNB #1, and the gNB #2 in Steps
ST1507, ST1512, and ST1517, respectively.

[0287] In the example in FIG. 17, the AMF may be
capable of processing the signaling under the positioning
protocol. Specifically, the AMF may be capable of termi-
nating the signaling under the positioning protocol. This
saves, for example, the LMF from notifying each base
station of the positioning instruction through the AMF
and/or the positioning target base station from reporting the
positioning result to the LMF through the AMF, as many as
the number of the base stations. This can, for example,
reduce the amount of signaling between the LMF and the
AMF.

[0288] Although FIG. 17 illustrates the example where the
AMF can process the signaling under the positioning pro-
tocol, the AMF need not process the signaling under the
positioning protocol. For example, the LMF may notify each
base station of the positioning instruction through the AMF
as many as the number of the base stations. The positioning
target base station may notify the positioning result to be
reported to the LMF through the AMF as many as the
number of the base stations. This can, for example, avoid the
design complexity of the AMF.

[0289] Although FIG. 17 illustrates the example where the
LMF instructs the serving gNB, the gNB #1, and the gNB #2
to perform positioning, the LMF may simultaneously
instruct a plurality of base stations to perform positioning.
The plurality of base stations may be, for example, base
stations in the same RNA or in the same TA. This enables,
for example, issuance of the positioning instructions to the
plurality of base stations with less amount of signaling.
[0290] Although FIG. 17 illustrates the example where
each base station performs positioning of its own base
station in response to the positioning instruction from the
LMF to the base station, the base station may perform the
positioning of its own base station without the instruction.
The same may apply to DUs and/or TRPS. For example,
when a new base station/DU/TRP is installed, the base
station/DU/TRP may perform its own positioning. The base
station/DU/TRP may notify the LMF of the result of the
positioning. This enables, for example, the LMF to promptly
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obtain the position of the base station/DU/TRP. Conse-
quently, the positioning can be promptly performed in the
communication system. The base station/DU/TRP may
notify the AMF of the result of the positioning. For example,
the signaling for the NG SETUP REQUEST disclosed in
Non-Patent Document 34 (3GPP TS38.413 V15.2.0) may
include the result of the positioning.

[0291] The serving base station may determine the time,
frequency, and/or code resources for the positioning signal,
using information on whether the positioning is preliminary
positioning or precise positioning. For example, the serving
base station may change a density of REs allocated to the
PRS, between the preliminary positioning and the precise
positioning. As another example, the serving base station
may vary the number of slots and/or a period to which the
PRS is allocated or the frequency of the slots, between the
preliminary positioning and the precise positioning. This
enables, for example, efficient use of the resources for the
positioning signal. The LMF may determine the resources.
This can, for example, avoid the design complexity on
control of the positioning.

[0292] The AMF may be capable of processing the sig-
naling under the positioning protocol. Specifically, the AMF
may be capable of terminating the signaling under the
positioning protocol. This saves, for example, the LMF from
notifying each base station of the positioning instruction
through the AMF and/or the positioning target base station
from reporting the positioning result to the LMF through the
AMEF, as many as the number of the base stations. This can,
for example, reduce the amount of signaling between the
LMF and the AMF.

[0293] Although the example where the serving gNB
estimates the position of the UE is described, the target UE
may estimate its own position. The processes for performing
positioning of its own UE may correspond to the signaling
for the serving base station to perform positioning. For
example, the UE may have functions of the LMF. This can,
for example, reduce the amount of signaling in the commu-
nication system.

[0294] The serving base station may notify the UE of a
positioning instruction. The serving base station may notify
the UE of the positioning instruction instead of notification
of an instruction for receiving the positioning signal. The
positioning instruction from the serving base station to the
UE may include information on the position of the base
station to be used for positioning. The UE may perform
positioning of its own UE, using the information.

[0295] The base station that performs positioning may
notify the serving base station of information on the position
of its own base station. The base station may, for example,
include the information in notification indicating the
completion of the configuration for positioning, and give the
notification. The serving base station may request informa-
tion on the position of the base station that performs posi-
tioning from the base station.

[0296] When notifying an instruction received from the
LMF, the serving base station may include, in the instruc-
tion, information on the entity that performs positioning or
information on whether the positioning is preliminary posi-
tioning or precise positioning. The base station that performs
positioning may determine whether it is necessary to notify
the serving base station of information on the position of its
own base station, using the information on the entity that
performs positioning and/or the information on whether the
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positioning is preliminary positioning or precise positioning.
For example, the serving base station need not determine
whether information on the position of the positioning target
base station is necessary. This can avoid the complexity in
designing the serving base station.

[0297] As another example, the LMF may notify the
serving base station of information on the position of the
base station to be used for positioning. For example, the
serving base station need not determine whether information
on the position of the positioning target base station is
necessary. This can avoid the complexity in designing the
serving base station.

[0298] The UE may perform positioning of its own UE,
using the information on the position of the base station that
performs positioning. The UE may notify the serving base
station of information on a result of an estimated position of
its own UE. For example, the UE need not report reception
results of a plurality of base stations to the serving base
station. This can reduce the amount of signaling to be
transmitted from the UE to the base station.

[0299] FIGS. 18 to 20 are sequence diagrams illustrating
another example of the operations for performing position-
ing of the UE in a plurality of steps. FIGS. 18 to 20 are
connected across locations of borders BL1819 and BL.1920.
FIGS. 18 to 20 illustrate an example where the target UE
estimates its own position. FIGS. 18 to 20 illustrate an
example of performing positioning in two steps of the
preliminary positioning and the precise positioning, simi-
larly to FIGS. 14 to 16. The serving gNB and the gNB #1
perform positioning of the UE in the first step, and the
serving gNB and the gNB #2 perform positioning of the UE
in the second step. In the example of FIGS. 18 to 20, the
serving gNB determines a base station that performs the
positioning in the first step, and the LMF determines a base
station that performs the positioning in the second step,
similarly to FIGS. 14 to 16. In FIGS. 18 to 20, the same step
numbers are applied to the processes identical to those in
FIGS. 14 to 16, and the common description thereof is
omitted.

[0300] The procedure 1401 and Steps ST1402 to ST1404
in FIG. 18 are identical to those in FIG. 14. In Steps ST1402
and ST1403, the LMF may include information on the
positions of the gNBs #1 and #2 in the UE positioning
instruction and notify the information, or notify the infor-
mation without the inclusion.

[0301] In a procedure ST1610 in FIG. 19, positioning of
the UE is performed.

[0302] Steps ST1415 and ST1416 in FIG. 19 are identical
to those in FIG. 15. In Step ST1415, the serving gNB may
include a request for information on the position of the gNB
#1 in an instruction for transmitting the positioning signal.
In Step ST1416, the gNB #1 may include information on the
position of its own gNB in a response to the instruction for
transmitting the positioning signal and transmit the infor-
mation to the serving gNB.

[0303] In Step ST1618 in FIG. 19, the serving gNB
instructs the UE to perform positioning of its own UE. The
instruction may include information similar to that in Step
ST1418 in FIG. 15, or information on the base station to be
used for positioning. The information on the base station
may include information for identifying the base station, or
information on the position of the base station. In response
to Step ST1618, the UE may configure reception of the



US 2022/0132460 Al

positioning signals from the serving gNB and the gNB #1,
or obtain information on the positions of the serving gNB
and the gNB #1.

[0304] Steps ST1419 to ST1427 in FIG. 19 are identical to
those in FIG. 15.

[0305] In Step ST1628 in FIG. 19, the UE estimates the
position of its own UE, using the reception result of the
positioning signals in Step ST1427 and the information on
the positions of the serving gNB and the gNB #1. In Step
ST1630, the UE reports the result of the estimated position
of its own UE to the serving gNB.

[0306] Steps ST1440 and ST1441 in FIG. 20 are identical
to those in FIG. 16.

[0307] Steps ST1450 to ST1453 in FIG. 20 are identical to
those in FIG. 16.

[0308] In a procedure ST1660 in FIG. 20, positioning of
the UE is performed. The procedure ST1660 may be a
procedure obtained by reading the gNB #1 as the gNB #2 in
the procedure ST1610. In the procedure ST1660, the UE
estimates the position of the UE.

[0309] Steps ST1470 and ST1471 in FIG. 20 are identical
to those in FIG. 16.

[0310] As another example, the LMF may estimate the
position of the target UE. The processes for performing
positioning of its own UE may correspond to the signaling
for the serving base station to perform positioning.

[0311] The serving base station may forward, to the LMF,
the report of the reception result of the positioning signals
transmitted from the UE. The serving base station may
forward the report through the AMF. The serving base
station may forward the report instead of notifying the LMF
of information on the estimated position of the UE through
the AMF. This can, for example, reduce the amount of
processing in the gNB and the UE.

[0312] FIGS. 21 to 23 are sequence diagrams illustrating
another example of the operations for performing position-
ing of the UE in a plurality of steps. FIGS. 21 to 23 are
connected across locations of borders BL.2122 and BL.2223.
FIGS. 21 to 23 illustrate an example where the LMF
estimates the position of the target UE. FIGS. 21 to 23
illustrate an example of performing positioning in two steps
of the preliminary positioning and the precise positioning,
similarly to FIGS. 14 to 16. The serving gNB and the gNB
#1 perform positioning of the UE in the first step, and the
serving gNB and the gNB #2 perform positioning of the UE
in the second step. In the example of FIGS. 21 to 23, the
serving gNB determines a base station that performs the
positioning in the first step, and the LMF determines a base
station that performs the positioning in the second step,
similarly to FIGS. 14 to 16. In FIGS. 21 to 23, the same step
numbers are applied to the processes identical to those in
FIGS. 14 to 16, and the common description thereof is
omitted.

[0313] The procedure 1401 and Steps ST1402 to ST1404
in FIG. 21 are identical to those in FIG. 14.

[0314] In a procedure ST1710 in FIG. 22, positioning of
the UE is performed.

[0315] Steps ST1415 to ST1430 in FIG. 22 are identical to
those in FIG. 15.

[0316] In Steps ST1740 and ST1741 in FIG. 23, the
serving gNB reports the reception result of the positioning
signals in the UE to the LMF through the AMF. Step ST1740
indicates notification of the report from the serving gNB to
the AMF, and Step ST1741 indicates notification of the
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report from the AMF to the LMF. The reports in Steps
ST1740 and ST1741 may include information indicating a
result of the preliminary positioning, similarly to FIG. 16.
The positioning protocol (e.g., LTE Positioning Protocol
(LPP) or NR Positioning Protocol A (NRPPa)) may be used
for the reports in Steps ST1740 and ST1741.

[0317] In Step ST1745 in FIG. 23, the LMF estimates the
position of the UE, using information obtained in Step
ST1741.

[0318] Steps ST1450 to ST1453 in FIG. 23 are identical to
those in FIG. 16.

[0319] In a procedure ST1760 in FIG. 23, positioning of
the UE is performed. The procedure ST1760 may be a
procedure obtained by reading the gNB #1 as the gNB #2 in
the procedure ST1710. In the procedure ST1760, the UE
estimates the position of the UE.

[0320] In Steps ST1770 and ST1771 in FIG. 23, the
serving gNB reports the reception result of the positioning
signals in the UE to the LMF through the AMF. Step ST1770
indicates notification of the report from the serving gNB to
the AMF, and Step ST1771 indicates notification of the
report from the AMF to the LMF. The reports in Steps
ST1770 and ST1771 may include information indicating a
result of the precise positioning, similarly to Steps ST1470
and ST1471 in FIG. 16. The positioning protocol (e.g., LTE
Positioning Protocol (LPP) or NR Positioning Protocol A
(NRPPa)) may be used for the reports in steps ST1770 and
ST1771.

[0321] In Step ST1775 in FIG. 23, the LMF estimates the
position of the UE, using information obtained in Step
ST1771.

[0322] The positioning of the UE may be semi-statically
performed. Examples of the semi-static positioning of the
UE may include periodic positioning of the UE, and posi-
tioning of the UE which is triggered by a predetermined
event. The predetermined event may be, for example, han-
dover, switching between the DUs, or switching between the
TRPs. The period may be defined in a standard, determined
and notified to the serving base station and/or the UE by the
LMTF, or determined and notified to the UE and/or the LMF
by the serving base station. This enables, for example, the
LMF to understand the position of the UE by following the
movement of the UE.

[0323] As another example, the positioning of the UE may
be dynamically performed. Examples of the dynamic posi-
tioning of the UE may include positioning of the UE only
once and positioning of the UE a plurality of times. The
LMF may notify the serving base station of information on
the number of times positioning of the UE is performed. This
enables, for example, flexible positioning in the communi-
cation system.

[0324] The result of the positioning may be notified to the
LMF. The LMF may obtain the position of the UE from the
notification. The notification may be given, for example,
when the serving gNB performs positioning of the UE or
when the UE performs positioning of its own UE. This
enables, for example, the LMF to aggregate pieces of
information on the positions of UEs being served thereby.
This can avoid the complexity in the service using informa-
tion on the positions of the UEs.

[0325] The result of the positioning may be notified to the
UE. The UE may obtain the position of its own UE from the
notification. The notification may be given, for example,
when the serving gNB or the LMF performs positioning of
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the UE. This can increase the precision of the position of its
own UE when the UE executes a system using the position
information of its own UE.

[0326] The serving gNB may notify the UE of information
on the position of the UE. The serving gNB may give the
notification, for example, via the RRC signaling. As another
example, the LMF may notify the UE of information on the
position of the UE. The LMF may give the notification, for
example, via the signaling under the LPP and/or the NRPPa.
[0327] The result of the positioning may be notified to the
base station. The base station may be, for example, a serving
base station. The base station may obtain the positions of
UESs being served thereby from the notification. The notifi-
cation may be given, for example, when the UE performs
positioning of its own UE or when the LMF performs
positioning of the UE. The base station may, for example,
perform scheduling using the position information. This
enables, for example, the base station to promptly perform
beamforming appropriate for the position of the UE.
[0328] The notification of information on the position of
the UE to the LMF, the serving base station and/or the UE
may include information on the reception result of the
positioning signals, or information on the time at which the
positioning has been performed. The information on the time
may be, for example, information on the time at which the
positioning signal has been received or the time at which the
position of the UE has been estimated. This can, for
example, increase the precision of information on the posi-
tion of the UE that varies in time.

[0329] The UE may start positioning of its own UE. The
UE may request the LMF to start positioning of its own UE.
The UE may make the request, for example, via the signal-
ing under the LPP and/or the NRPPa.

[0330] As another example, the serving base station may
start positioning of the UE. The serving base station may
request the LMF to start positioning of the UE. The request
may include, for example, information for identifying the
UE. The serving base station may make the request, for
example, via the signaling under the LPP and/or the NRPPa.
[0331] The entity that needs information on the position of
the UE may perform positioning of the UE. For example,
when the UE needs information on the position of its own
UE, the UE itself may perform positioning of the UE. This
saves, for example, the signaling of information on the
position in the communication system. Consequently, the
amount of signaling in the communication system can be
reduced.

[0332] The positioning of the UE may be performed using
an uplink signal. The base station that performs positioning
may report a reception result of an uplink positioning signal
to the serving base station. Application of the uplink signal
to the positioning can, for example, increase the flexibility of
the positioning in the communication system.

[0333] The positioning of the target UE may be performed
using another UE. The other UE may be replaced with a base
station that knows the position of the target UE. The
positioning may be performed, for example, when the other
UE receives the positioning signal from the target UE or
when the target UE receives the positioning signal from the
other UE. For example, when the other UE is closer to the
target UE than the base station, the positioning precision can
be increased. The entity that determines the other UE may be
the LMF or the base station. The entity that determines the
other UE may be different for each positioning step.
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[0334] The LMF may notify the other UE of information
on the time, frequency, and/or code resources for the posi-
tioning signal. The LMF may notify the target UE of
information on the time, frequency, and/or code resources
for the positioning signal. The base station, for example, the
serving base station may determine the resources, and notify
the target UE and/or the other UE of the resources.

[0335] The positioning using the other UE may be per-
formed via the Uu interface or the PCS5 interface. When the
PCS is used, the SideLink Synchronization Signal (SLSS),
the CSI-RS, the DM-RS, or the SRS may be used as the
positioning signal, or a new positioning signal in the sidelink
may be provided as the positioning signal. For example, the
communicating UE in the sidelink may configure the
resources for the positioning signal for the UE. This enables,
for example, positioning outside the coverage of the base
station.

[0336] The base station that configures the DC may per-
form positioning of the UE. For example, the master base
station may determine the secondary base station as a base
station to be used for positioning. As another example, the
LMF may determine, as the base stations to be used for
positioning, the master base station and/or the secondary
base station to which the UE is connected. As another
example, the positioning in the first step may be performed
using the master base station and/or the secondary base
station. This can, for example, accelerate the signaling
between the base station that performs positioning and the
UE. Consequently, the positioning can be promptly per-
formed in the communication system.

[0337] The number of base stations to be used for posi-
tioning may be variable. For example, when distances
between the UE and base stations are shorter, the positioning
may be performed using the fewer base stations. This
enables, for example, securing the positioning precision and
efficient use of the communication resources.

[0338] The positioning using a side lobe may be per-
formed. For example, the reception time of a downlink
signal by the UE may be used in the positioning using the
side lobe. For example, the UE may measure the reception
time of the DM-RS to be transmitted in association with data
to be transmitted from the serving base station to the other
UE. The UE may notify the serving base station of infor-
mation on the reception time. The serving base station may
estimate a distance from the UE, using the time. The
positioning using the side lobe may be used in combination
with information on the direction of the UE when viewed
from the base station. Furthermore, positioning may be
performed using side lobes from a plurality of base stations.
This enables, for example, the base stations to perform
positioning of the target UE while the base stations can
transmit and receive data to and from the other UEs.
Consequently, the communication resources can be effi-
ciently used.

[0339] The positioning types need not be provided in the
first embodiment. For example, the preliminary positioning
may be the positioning in the first step, whereas the precise
positioning may be the positioning in the second step. In the
first embodiment, the preliminary positioning may be read
as the positioning in the first step, whereas the precise
positioning may be read as the positioning in the second
step. This can, for example, increase the flexibility of the
positioning.
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[0340] The first embodiment enables the LMF to select a
base station that can communicate with the UE via direct
waves as a base station to be used for positioning of the UE.
Consequently, the positioning precision of the UE can be
increased.

[0341] The First Modification of the First Embodiment
[0342] The first embodiment discloses a method for per-
forming positioning of the UE using a base station that can
communicate with the UE via direct waves. The first modi-
fication discloses a method for estimating whether the
communication between the UE and the base station is
communication using direct waves.

[0343] The communication system estimates whether the
communication is communication using direct waves, using
combined information of propagation losses (path losses)
and propagation delay in the communication between the
base station and the UE.

[0344] The estimation method using the information may
be, for example, a method for checking a mismatch between
a position estimated from path losses of a serving beam and
an adjacent beam and a distance determined from the
propagation delay. For example, in the absence of the
mismatch, the use of direct waves may be estimated. For
example, in the presence of the mismatch, the use of
reflected waves may be estimated.

[0345] A method for estimating a position of the UE from
the path losses of the serving beam and the adjacent beam
may be, for example, a method for estimating, as a position
of the UE, an overlapping position between a contour (i.e.,
an isosurface) of a path loss of the serving beam and a
contour (i.e., an isosurface) of a path loss of the adjacent
beam.

[0346] As another example of the estimation method using
the information, combinations of values of the path losses of
the serving beam, the path losses of the adjacent beam, and
the propagation delay may be associated in advance with
estimation results indicating whether direct waves are used.
The association may be given, for example, in a table. The
table may be provided for each band to be used for the
communication between the base station and the UE. The
association may be predefined in a standard, or determined
by the base station. The base station may notify the UE of
information on the association determined by its own base
station. The UE may estimate, using the information,
whether the communication between its own UE and the
base station is the communication using direct waves.
[0347] FIG. 24 illustrates an example where the commu-
nication between the base station and the UE via direct
waves is estimated from a combination of path losses and
propagation delay.

[0348] In FIG. 24, a serving beam to be used for the
communication between a base station 2001 and the UE
includes contours 2010, 2011, 2012, 2013, and 2014 of path
losses. The contours of the serving beam in FIG. 24 are
illustrated as the contours 2010, 2011, 2012, 2013, and 2014
in descending order of the path losses. A beam adjacent to
the serving beam includes contours 2015, 2016, 2017, 2018,
and 2019 of path losses. The contours of the adjacent beam
in FIG. 24 are illustrated as the contours 2015, 2016, 2017,
2018, and 2019 in descending order of the path losses.
[0349] Assume that the path losses of the serving beam
fall within a range of values between the contours 2012 and
2013 in the example of FIG. 24. Furthermore, assume that
the path losses of the adjacent beam fall within a range of
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values between the contours 2015 and 2016. In the example
of FIG. 24, the position of the UE estimated from the path
losses of the serving beam and the adjacent beam falls within
a range enclosed by an area 2025.

[0350] Furthermore, assume that a distance between the
base station and the UE estimated from the propagation
delay falls within a range indicated by an area 2030 in the
example of FIG. 24.

[0351] Since there is an overlapping area between the
areas 2025 and 2030 in the example of FIG. 24, it is
determined that there is no mismatch between the position of
the UE estimated from the path losses and the distance from
the UE estimated from the propagation delay. It is estimated,
in the example of FIG. 24, that the base station 2001
communicates with the UE via direct waves.

[0352] FIG. 25 illustrates an example where the commu-
nication between the base station and the UE via reflected
waves is estimated from the combination of the path losses
and the propagation delay. In FIG. 25, the same numbers are
applied to the elements identical to those in FIG. 24, and the
common description thereof is omitted.

[0353] Assume that the path losses of the serving beam
fall within a range of values between the contours 2011 and
2012 in the example of FIG. 25. Furthermore, assume that
the path losses of the adjacent beam fall within a range of
values between the contours 2015 and 2016. In the example
of FIG. 25, the position of the UE estimated from the path
losses of the serving beam and the adjacent beam falls within
a range enclosed by an area 2125.

[0354] Furthermore, assume that a distance between the
base station and the UE estimated from the propagation
delay falls within a range indicated by an area 2130 in the
example of FIG. 25.

[0355] Since there is no overlapping area between the
areas 2125 and 2130 in the example of FIG. 25, it is
determined that there is a mismatch between the position of
the UE estimated from the path losses and the distance from
the UE estimated from the propagation delay. It is estimated,
in the example of FIG. 25, that the base station 2001
communicates with the UE via reflected waves.

[0356] Whether direct waves are used may be estimated
using a downlink signal. Upon receipt of a downlink signal,
the UE may make the estimation. Examples of the downlink
signal may include the PRS, the SS block, the DM-RS, and
the CSI-RS.

[0357] The UE may determine the propagation delay from
the base station, using the reception time of the downlink
signal. As another example, the base station may determine
the propagation delay between its own base station and the
UE, using the reception time in the UE. The UE may notify
the base station of the reception time. As another example,
the base station may determine the propagation delay, using
the uplink signal from the UE. The base station may notify
the UE of the propagation delay. The UE may estimate a
distance from the base station, using the propagation delay
calculated or notified from the base station.

[0358] Upon receipt of the downlink signal, the UE may
calculate the downlink path losses. The path losses calcu-
lated by the UE may include path losses in a downlink-
transmission serving beam of the base station, and path
losses in a downlink-transmission beam adjacent to the
serving beam.

[0359] To measure the downlink path losses in the UE, the
UE may use a plurality of downlink-reception beams. For
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example, the UE may estimate an angle of each of the
downlink-reception beams in a direction of radio waves
arriving from the base station with respect to the center of
the beams, using the reception intensity of the downlink-
reception beam. This can, for example, increase the preci-
sion of the path losses. Consequently, the path losses can
increase the positioning precision.

[0360] The base station may estimate whether direct
waves are used. The UE may notify the base station of a
measurement result of the downlink path losses or the
downlink propagation delay. The measurement result may
include path losses in the serving beam of the base station,
and path losses in a beam adjacent to the serving beam. The
base station may estimate the position of the UE, using the
measurement result of the path losses. The base station may
estimate a distance between its own base station and the UE,
using the downlink propagation delay. The base station may
estimate whether direct waves are used with the UE, using
the position of the UE estimated from the path losses and the
distance estimated from the propagation delay. As another
example, the base station may estimate whether direct waves
are used with the UE, using the information on the associa-
tion.

[0361] As another example, the UE may estimate whether
direct waves are used. The UE may request, from the base
station, information on the contours of the path losses of the
serving beam and the adjacent beam. The base station may
notify the UE of the information on the contours. The UE
may estimate the position of its own UE from the informa-
tion on the contours. The UE may estimate a distance from
the base station, using information on the propagation delay
from the base station. The UE may estimate whether direct
waves are used with the base station, using the estimated
position and the estimated distance. As another example, the
UE may estimate whether direct waves are used with the
UE, using the information on the association.

[0362] Whether direct waves are used may be estimated
using an uplink signal. Upon receipt of an uplink signal, the
base station may make the estimation. Examples of the
uplink signal may include the SRS, the PRACH, and the
DM-RS.

[0363] The base station may determine the propagation
delay from the UE, using the reception time of the uplink
signal. As another example, the UE may determine the
propagation delay between its own UE and the base station,
using the reception time in the base station. The base station
may notify the UE of the reception time. As another
example, the UE may determine the propagation delay,
using the downlink signal from the base station. The UE may
notify the base station of the propagation delay. The base
station may estimate a distance from the UE, using the
propagation delay calculated or notified from the UE.
[0364] Upon receipt of the uplink signal, the base station
may calculate the uplink path losses. The path losses cal-
culated by the base station may include path losses in an
uplink-reception serving beam of its own base station, and
path losses in an uplink-reception beam adjacent to the
serving beam.

[0365] To measure the uplink path losses in the base
station, the UE may use a plurality of uplink-transmission
beams. For example, the base station may estimate an angle
of each of the uplink-transmission beams of the UE in a
direction of transmitting radio waves to the base station with
respect to the center of the beams, using the reception
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intensity of the uplink-transmission beam. As another
example, the base station may measure the reception inten-
sity of each of the uplink-transmission beams of the UE, and
report the reception intensity to the UE. The UE may
calculate the uplink path losses, using the report. The UE
may report the calculated uplink path losses to the base
station. The UE may calculate the uplink path losses, using
both of reception results of an uplink-reception serving
beam of the base station and an uplink-reception beam
adjacent to the serving beam. This can, for example, increase
the precision of the uplink path losses. Consequently, the
path losses can increase the positioning precision.

[0366] The base station may estimate whether direct
waves are used. The base station may estimate the position
of the UE, using the measurement result of the path losses.
The base station may estimate a distance between its own
base station and the UE, using the uplink propagation delay.
The base station may estimate whether direct waves are used
with the UE, using the position of the UE estimated from the
path losses and the distance estimated from the propagation
delay. As another example, the base station may estimate
whether direct waves are used with the UE, using the
information on the association.

[0367] As another example, the UE may estimate whether
direct waves are used. The base station may notify the UE
of a measurement result of the uplink path losses or the
uplink propagation delay. The measurement result may
include path losses in the uplink-reception serving beam of
the base station, and path losses in an uplink reception beam
adjacent to the serving beam. The UE may request, from the
base station, information on the contours of the path losses
of the serving beam and the adjacent beam. The base station
may notify the UE of the information on the contours. The
UE may estimate the position of its own UE from the
information on the contours. The UE may estimate a dis-
tance from the base station, using information on the propa-
gation delay from the base station. The UE may estimate
whether direct waves are used with the base station, using
the estimated position and the estimated distance. As another
example, the UE may estimate whether direct waves are
used with the UE, using the information on the association.
[0368] The base station may notify the UE of configura-
tion on the downlink signal. The configuration may include
information on the time, frequency, and/or code resources
for the downlink signal. The configuration may include
information on transmission using the serving beam, infor-
mation on transmission using the adjacent beam, or infor-
mation for identifying the adjacent beam. The UE may
receive, using the configuration, the downlink signals from
the serving beam and/or the adjacent beam of the base
station. For example, inclusion of the information on the
transmission using the adjacent beam and/or the information
for identifying the adjacent beam in the configuration
enables the UE to discriminate between the serving beam
and the adjacent beam.

[0369] The base station may notify the UE of configura-
tion on the uplink signal. The configuration may include
information on the time, frequency, and/or code resources
for the uplink signal. The configuration may include infor-
mation on reception using the serving beam, information on
reception using the adjacent beam, or information for iden-
tifying the adjacent beam. The UE may transmit, using the
configuration, the uplink signals to the serving beam and/or
the adjacent beam of the base station. For example, inclusion
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of the information on the reception using the adjacent beam
and/or the information for identifying the adjacent beam in
the configuration enables the UE to discriminate between
transmission to the serving beam and transmission to the
adjacent beam.

[0370] The base station may notify the LMF of a result of
estimation of whether direct waves or reflected waves are
used. The result of estimation may be included in the
signaling on a result of the estimated position of the UE to
be notified from the base station to the LMF, or the signaling
for reporting the reception result of the positioning signals to
be notified from the base station to the LMF. Alternatively,
new signaling including the result of estimation of whether
direct waves or reflected waves are used may be provided.
The LMF may determine, using the result, a base station to
be used for the precise positioning disclosed in the first
embodiment. This can, for example, enhance the reliability
of information indicating whether the base station and the
UE are in line-of-sight positions. Furthermore, the LMF can
promptly obtain the information.

[0371] As another example, the base station may estimate
the position of the UE, using the result of estimation of
whether direct waves or reflected waves are used. For
example, a measurement result from a base station estimated
as a base station that communicates via reflected waves in
the preliminary positioning and/or the positioning in the first
step which are disclosed in the first embodiment may be
excluded. The base station may notify another base station
of the result of estimation of whether direct waves or
reflected waves are used between its base station and the UE.
This can, for example, increase the precision of the prelimi-
nary positioning and/or the positioning in the first step which
are disclosed in the first embodiment.

[0372] The base station may continue to estimate whether
the communication with the UE is performed via direct
waves or reflected waves. For example, the base station may
periodically make the estimation. The base station may
notify the LMF of the estimation result. The base station
may notify the LMF of the estimation result, for example,
when the estimation result is changed (e.g., change from
direct waves to reflected waves or change from reflected
waves to direct waves). This enables, for example, the LMF
to promptly understand a communication state between the
UE and the base station, and consequently promptly perform
positioning with high precision.

[0373] The base station may continue to make the estima-
tion, using only the propagation delay. The base station may
continue to obtain information on the propagation delay
from the UE. For example, when the propagation delay from
the UE with which the base station communicates via direct
waves is suddenly changed, the base station may estimate
that the communication with the UE has been switched to
the communication via reflected waves. Infoimation on the
determination of sudden change may be predefined in a
standard, determined by its own base station, determined
and notified to the base station by the AMF, or determined
and notified to the base station by the LMF. This enables, for
example, the base station to make the estimation with less
amount of processing.

[0374] When the base station makes the estimation, the
UE may notify the base station of information on change in
the position of its own UE. The UE may obtain the infor-
mation on change in the position of its own UE, for example,
using an acceleration sensor or another sensor (e.g., a GPS
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sensor) of the UE. The base station may make the estima-
tion, using the information notified from the UE. This can,
for example, increase the precision of the estimation in the
base station.

[0375] The base station may estimate the position of the
UE, using three or more beams. The base station may make
the estimation, for example, using a plurality of adjacent
beams. For example, even when the adjacent beams are
reflected waves in the estimation, the base station can make
the estimation using other adjacent beams. This can increase
the precision of the estimation.

[0376] The first modification enables the estimation of
whether the base station and the UE communicate via direct
waves or reflected waves. Consequently, the positioning
precision of the UE can be increased.

[0377] The Second Modification of the First Embodiment
[0378] Worsening of a radio environment is presumed in
the indoor positioning. The worse environment causes prob-
lems of the interference with a positioning signal to be
received by the UE and/or the base station, and decrease in
the positioning precision.

[0379] The second modification discloses a method for
solving the problems.

[0380] Transmission from another UE is terminated when
positioning of the target UE is performed. For example, the
same method as that for a measurement gap may be applied
to the termination of transmission. As another method, the
same method as that for a configured grant may be applied
to the termination of transmission. The base station may
notify another UE of information on the termination of
transmission. The information may include, for example,
information indicating the termination of transmission due
to positioning. The UE may terminate the transmission using
the information indicating the termination of transmission
due to positioning. This can, for example, reduce the inter-
ference from another UE in the positioning of the target UE.
[0381] The information may include information on time
and/or frequency resources for terminating uplink transmis-
sion, or the information indicating the termination of trans-
mission due to positioning.

[0382] The LMEF, the AMF, or the base station may con-
figure the termination of uplink transmission. The base
station may notify the LMF of information on the uplink
resources to be used for communication with the UE. This
enables, for example, the LMF to appropriately select the
frequency and/or time resources for terminating the uplink
transmission of the UE.

[0383] The base station may give the notification using,
for example, broadcast information. The broadcast informa-
tion may be, for example, the SIB for positioning. This
enables, for example, the base station to simultaneously
notify a plurality of UEs to terminate the uplink transmis-
sion. Consequently, the amount of signaling between the
UEs and the base station can be reduced. As another
example, the base station may give the notification via the
NAS signaling, the RRC dedicated signaling, the MAC
signaling, or the [.1/1.2 signaling. The [.1/[.2 signaling may
be, for example, the UE-dedicated [.1/L.2 signaling or the
L1/L.2 signaling common to a UE group (e.g., a group-
common PDCCH). As another example, the signaling may
be signaling under the positioning protocol (e.g., LTE Posi-
tioning Protocol (LPP) or NR Positioning Protocol A
(NRPPa)) disclosed in Non-Patent Document 30 (3GPP
TS38.305 V15.2.0).
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[0384] Another solution is disclosed. A base station other
than the base station that performs positioning (hereinafter
may be referred to as a non-positioning base station) may
terminate transmission when positioning of the target UE is
performed. The AMF may instruct the non-positioning base
station to terminate the transmission. As another example,
the LMF may instruct the non-positioning base station to
terminate the transmission. As another example, the serving
base station for the positioning target UE may instruct the
non-positioning base station to terminate the transmission.
[0385] A DU other than the DU that performs positioning
or a TRP other than the TRP that terminates the positioning
may terminate the transmission. Hereinafter, the non-posi-
tioning base station may be a non-positioning DU or a
non-positioning TRP.

[0386] The instruction for terminating the transmission to
the non-positioning base station may include information on
the frequency and/or time resources for terminating the
downlink transmission by the non-positioning base station,
or information on a period with which the termination is
repeated. In response to the instruction, the non-positioning
base station may terminate the downlink transmission. This
can, for example, reduce the interference from the base
station in the positioning of the UE.

[0387] The instruction may include the information on the
frequency and/or time resources for terminating the down-
link transmission by the non-positioning base station, or the
information on the period with which the termination is
repeated. In response to the instruction, the non-positioning
base station may terminate the downlink transmission. This
can, for example, reduce the interference from the base
station in the positioning of the UE.

[0388] The instruction may be given, for example, through
the interface between the base stations (e.g., the Xn inter-
face), via the signaling under the positioning protocol (e.g.,
LTE Positioning Protocol (LPP) or NR Positioning Protocol
A (NRPPa)) disclosed in Non-Patent Document 30 (3GPP
TS38.305 V15.2.0), or via the CU-DU signaling.

[0389] The transmission using a predetermined beam may
be possible with the timing of terminating the transmission.
The predetermined beam may be, for example, a beam not
directed at a measurement target UE. This can, for example,
reduce the interference with the positioning target UE and
increase the efficiency in the communication system. The
UE may be, for example, the UE that has completed the
preliminary positioning and/or the positioning in the first
step in the first embodiment. This enables, for example,
appropriately selection of the predetermined beam in the
communication system.

[0390] The predetermined beam may be, for example, a
beam of the base station. The LMF may determine the
predetermined beam. The LMF may notify the non-posi-
tioning base station of information on the predetermined
beam, information on the beam directed at the positioning
target UE, or information on the position of the target UE.
The non-positioning base station may obtain information on
the predetermined beam from the notification. As another
example, the AMF or the serving base station may determine
the predetermined beam.

[0391] The information on the predetermined beam may
be replaced with information on the position of the target
UE. The information on the position of the target UE may be
on, for example, the position of the UE obtained in the
preliminary positioning and/or the positioning in the first
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step. The LMF may notify the non-positioning base station
of information on the position of the target UE. The non-
positioning base station may calculate the predetermined
beam, using information on the position of the target UE.
The AMF or the serving base station may notify the position
of the target UE. This can, for example, avoid the complex-
ity in the communication system.

[0392] As another example, the predetermined beam may
be a beam of a UE other than the positioning target UE. The
predetermined beam may be determined and/or notified
similarly to the determining and/or notifying of the beam of
the base station. For example, the LMF, the AMF, and/or the
serving base station may determine information on the
beam, and notify the UE of the information. The same may
apply to notification of information on the position of the
target UE. For example, the LMF, the AMF, and/or the
serving base station may notify a UE other than the posi-
tioning target UE of information on the position of the
positioning target UE.

[0393] The transmission at a predetermined frequency
may be possible with the timing of terminating the trans-
mission. The predetermined frequency beam may be, for
example, a frequency that is not allocated to the positioning
signal. This can, for example, reduce the interference with
the positioning target UE and increase the efficiency in the
communication system. The predetermined frequency may
be, for example, a frequency lower than a frequency allo-
cated to the positioning signal. This enables, for example,
securing the precision in positioning, and increase in an area
where data can be transmitted and received in the commu-
nication system. The predetermined frequency may be in,
for example, a band or a bandwidth part (BWP) different
from that of the frequency allocated to the positioning
signal.

[0394] The LMF may notify the non-positioning base
station of information on the predetermined frequency or
information on the frequency allocated to the positioning
signal. The non-positioning base station may obtain infor-
mation on the predetermined frequency, using the informa-
tion. As another example, the entity that notifies the non-
positioning base station may be the AMF or the serving base
station.

[0395] The LMF may notify the UE other than the posi-
tioning target UE of information on the predetermined
frequency or information on the frequency allocated to the
positioning signal. The UE other than the positioning target
UE may obtain the information on the predetermined fre-
quency, using the information. As another example, the
entity that notifies the UE other than the positioning target
UE may be the AMF or the serving base station.

[0396] The timing of terminating the transmission may be
notified to a base station, a DU, and/or a TRP asynchronous
with the serving base station. The aforementioned timing of
terminating the transmission may be, for example, longer
than the timing for notifying a base station, a DU, and/or a
TRP synchronous with the serving base station. This can, for
example, reduce the interference from the base station, the
DU, and/or the TRP asynchronous with the serving base
station in the positioning.

[0397] The UE and/or the base station may transmit the
positioning signal with the frequency and/or time resources
scheduled for another UE. The UE may receive and/or
transmit the positioning signal with the resources. The
frequency and/or time resources scheduled for the other UE
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may be resources scheduled by a configured grant or
resources scheduled by a dynamic grant. The other UE may
terminate the uplink transmission in the scheduled
resources. This can, for example, reduce the interference on
the positioning signal, and consequently increase the posi-
tioning precision. The base station may instruct the other UE
to terminate the uplink transmission in the resources. The
instruction may be included in, for example, the L.1/1.2
signaling. The instruction may be included in, for example,
preemption notification (preemption indication).

[0398] As another example, the positioning signal need
not be transmitted with the frequency and/or time resources
scheduled for the other UE. The base station may notity the
LMF of information indicating that the resources have
already been scheduled for the other UE. The base station
may give the notification, for example, via the signaling
under the LPP and/or the NRPPa. The base station may give
the notification, for example, when the LMF determines the
resources. The LMF may reconfigure the frequency and/or
time resources for the positioning signal, using the notifi-
cation. This can, for example, increase the efficiency in the
communication system.

[0399] As another example of the configuration of the
frequency and/or time resources for the positioning signal,
the base station may reconfigure, for the UE, the frequency
and/or time resources to be used for the positioning signal.
The base station may make the reconfiguration when deter-
mining the resources. This produces, for example, the same
advantages as previously described.

[0400] The transmission of the positioning signal with the
frequency and/or time resources scheduled for the other UE
by the UE and/or the base station may be applied when the
frequency and/or time resources scheduled for its own UE
are used. This produces, for example, the same advantages
as previously described.

[0401] The preemption may be applied to the positioning
signal. For example, another data may be preferentially
transmitted over the positioning signal. The base station may
notify the positioning target UE of information indicating
the preemption. The information may be, for example,
preemption notification (preemption indication). The UE
may receive the positioning signal again, using the notifi-
cation. The base station may notify the UE of information on
the frequency, time, and/or code resources for receiving the
positioning signal again. As another example, the base
station may notify the LMF of the preemption. The notifi-
cation may be included in, for example, the signaling under
the LPP and/or the NRPPa. The LMF may reconfigure the
frequency, time, and/or code resources for the positioning
signal, using the notification. This can, for example, increase
the positioning precision.

[0402] As another example on application of the preemp-
tion in the positioning signal, the positioning signal may be
preferentially transmitted over the other data. The base
station may notify the UE that transmits and receives the
other data of the infoziiiation indicating the preemption.
This enables, for example, prompt positioning.

[0403] The second modification can reduce the interfer-
ence in the positioning.

[0404] Consequently, the positioning precision can be
increased.
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The Second Embodiment

[0405] The PRS, the SSB, or the CSI-RS may be used for
the positioning in NR.

[0406] The CSI-RS is transmitted via thin beams. How-
ever, the positioning using the CSI-RS in the positioning in
NR has not yet been discussed in detail. Thus, the position-
ing using the CSI-RS cannot be performed in the commu-
nication system. This causes a problem of failing to perform
positioning with high precision.

[0407] The second embodiment discloses a method for
solving the problem.

[0408] The base station transmits the CSI-RS in combi-
nation with the PRS. The base station may combine the
CSI-RS with the SS block. The base station may, for
example, match the transmission timings of the PRS and the
CSI-RS. The timed transmission may be, for example,
transmission in the same subframe or in the same slot.
Considering a plurality of subframes as one bundle, the PRS
and the CSI-RS may be transmitted in the same bundle. A
plurality of slots or a plurality of symbols may be assumed
as one bundle, instead of the plurality of subframes.
[0409] The PRS and the CSI-RS may be transmitted in
different symbols. The UE may receive both of the PRS and
the CSI-RS. This can, for example, reduce the interference
between the signals. Consequently, the positioning precision
can be increased.

[0410] The PRS and the CSI-RS may be transmitted in
different symbols. This can, for example, reduce the inter-
ference between the signals, and consequently increase the
positioning precision.

[0411] The UE may report, to the serving gNB, reception
results of the CSI-RS and/or the PRS. The serving gNB may
calculate a direction of the UE, using the reception results,
for example, the reception result of the CSI-RS. The serving
gNB may calculate, as the direction of the UE, a direction of
the beam of the CSI-RS received by the UE. The serving
gNB may notify the LMF of the calculated direction of the
UE. This can, for example, increase the precision of the
angle of the UE when viewed from the base station in
positioning of the UE. Consequently, the positioning preci-
sion can be increased.

[0412] The PRS may be provided as one mode of the
CSI-RS. This enables, for example, transmission of the PRS
via thin beams, and consequently increase in the positioning
precision of the UE. The CSI-RS may be used.

[0413] As another example, the beam width in which the
PRS is transmitted may be controllable. For example, the
PRS may be transmittable via thin beams. The PRS may be
transmitted via a beam that can be digitally precoded. This
produces, for example, the same advantages as previously
described.

[0414] FIG. 26 illustrates an outline of operations of
transmitting the CSI-RS in combination with the PRS. In the
example in FIG. 26, a base station 2501 is a serving base
station for a UE 2520, and base stations to be used for
positioning of the UE 2520 are the serving base station 2501
and a base station 2511. In FIG. 26, receiving coverages of
the PRS and the CSI-RS to be transmitted by the serving
base station 2501 are an area 2502 and an area 2503,
respectively. In FIG. 26, receiving coverages of the PRS and
the CSI-RS to be transmitted by the base station 2511 are an
area 2512 and an area 2513, respectively.

[0415] In the example in FIG. 26, the serving base station
2501 transmits the PRS and the CSI-RS to the UE 2520. The
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serving base station 2501 may transmit the PRS and the
CSI-RS with the same timing, for example, in the same
subframe or in the same slot. Alternatively, considering a
plurality of subframes, a plurality of slots, or a plurality of
symbols as one bundle, the serving base station 2501 may
transmit the PRS and the CSI-RS in the same bundle. The
UE 2520 receives the PRS and/or the CSI-RS from the
serving base station 2501 with the aforementioned timing.
[0416] In the example in FIG. 26, the base station 2511
transmits the PRS and the CSI-RS to the UE 2520. The base
station 2511 may transmit the PRS and the CSI-RS in the
same manner as the PRS and the CSI-RS transmitted from
the serving base station 2501.

[0417] The serving base station 2501 and the base station
2511 may perform the transmission with different timings or
with the same timing. For example, the transmission with
the same timing enables prompt positioning of the UE.
[0418] The serving base station may notify the target UE
of information on the configuration of the CSI-RS for
positioning. The information may be, for example, informa-
tion on the time resources and/or frequency resources of the
CSI-RS or information on the code of the CSI-RS. The
information may include information on the CSI-RS to be
transmitted by a base station other than the serving base
station.

[0419] Information to be notified from the serving base
station to the target UE may include information indicating
that the CSI-RS is used for positioning. The UE may receive
the CSI-RS for positioning, using the information. The UE
may report the reception result of the CSI-RS to the base
station. The report may include, for example, information
indicating that the received CSI-RS is used for positioning.
The serving base station may estimate the position of the
target UE, using the information. This enables, for example,
the base station to promptly understand that the report is on
the reception result of the CSI-RS for positioning. Conse-
quently, the positioning can be promptly performed in the
communication system.

[0420] The base station may notify the target UE of
information on the CSI-RS to be transmitted to another UE.
The target UE may receive the CSI-RS to be transmitted to
the other UE, using the information. This can, for example,
reduce the resources in the communication system.

[0421] The UE may receive the CSI-RS using the infor-
mation. The UE may report the reception result of the
CSI-RS to the serving base station. The report may include
information on the reception intensity of the CSI-RS, infor-
mation on the path losses of the CSI-RS, information on the
propagation delay of the CSI-RS, or information on the
beam via which the CSI-RS has been transmitted. As another
example on the report of the reception result of the CSI-RS,
the UE may give the report to the base station that has
transmitted the CSI-RS.

[0422] The entirety or a part of the configuration of the
CSI-RS may be common among the base station, the DU,
and/or the TRP. For example, the code sequence of the
CSI-RS, or the frequency and/or time resources of the
CSI-RS may be common. When the code sequence of the
CSI-RS is common, the frequency and/or time resources of
the CSI-RS may vary. When the frequency and/or time
resources of the CSI-RS are common, the code sequence of
the CSI-RS may vary. This can, for example, save the
transmission resources for the CSI-RS in the communication
system.
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[0423] The entirety or the part of the configuration of the
CSI-RS may be common among UEs. For example, the code
sequence of the CSI-RS, or the frequency and/or time
resources of the CSI-RS may be common. When the code
sequence of the CSI-RS is common, the frequency and/or
time resources of the CSI-RS may vary. When the frequency
and/or time resources of the CSI-RS are common, the code
sequence of the CSI-RS may vary. This can, for example,
save the transmission resources for the CSI-RS in the
communication system.

[0424] As another example of positioning using the CSI-
RS, the SS block, and/or the PRS in combination, sweep
directions of these signals may vary. For example, the beam
via which the PRS is transmitted may be swept in the
elevation/depression angle direction, or the beam via which
the CSI-RS is transmitted may be swept in the horizontal
direction. This can, for example, shorten the beam sweeping
time in the communication system. Consequently, the posi-
tioning can be promptly performed.

[0425] The method disclosed in the second embodiment
may be used in combination with the first embodiment. For
example, the base station that can communicate with the UE
via direct waves may be a UE-capable base station using the
CSI-RS. This enables, for example, application of a base
station distant from the UE in the positioning. Consequently,
a number of base stations that can use direct waves can be
reserved, and thus the positioning precision can be
increased.

[0426] As another example, the PRS may be used for the
preliminary positioning, and the CSI-RS may be used for the
precise positioning. As another example, the PRS may be
used for the positioning in the first step, and the CSI-RS may
be used for the positioning in the second step. This can, for
example, increase the flexibility of the positioning.

[0427] The method disclosed in the second embodiment
may be used in combination with the first modification of the
first embodiment. For example, the estimation method on
whether direct waves or reflected waves are used, which is
disclosed in the first modification of the first embodiment,
may be applied to the CSI-RS. The base station that per-
forms positioning may notify the target UE of configuration
of the CSI-RS in a plurality of beams. This enables, for
example, estimation of whether direct waves or reflected
waves are used, using the beams for transmitting the CSI-
RS. Consequently, the positioning precision can be
increased.

[0428] The method disclosed in the second embodiment
may be applied to the SCID or the OTDOA. For example,
the positioning using the PRS and the CSI-RS in combina-
tion may be performed in the OTDOA. The UE may notify
the serving base station of information on the propagation
delay of the PRS and/or the CSI-RS. The serving base
station may estimate the position of the UE, using the
information. As another example, the serving base station
may notify the LMF of the information. The LMF may
estimate the position of the UE using the information. This
can, for example, increase the positioning precision.
[0429] The second embodiment enables the base station to
perform positioning of the UE via thin beams for transmit-
ting the CSI-RS. Consequently, the positioning precision of
the UE can be increased.

[0430] The First Modification of the Second Embodiment
[0431] The following problem occurs when the thin beams
for transmitting the CSI-RS are used for positioning of the
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UE in the communication system. Specifically, the base
station that performs positioning of the target UE needs to
sweep beams to capture the target UE. Since the beams for
transmitting the CSI-RS are thin, it takes time to sweep the
beams. This causes a problem of failing to perform prompt
positioning.

[0432] The first modification discloses a method for solv-
ing the problem.

[0433] The base station that performs positioning sweeps
beams in a beam coverage of the serving base station for
communicating with the UE.

[0434] The serving base station may sweep beams for
positioning, using information on beams to be used for
transmitting and receiving user data. This enables, for
example, the serving base station to promptly perform the
positioning.

[0435] The beams may be, for example, beams to be used
by the base station (e.g., a serving beam). The beams may be
downlink-transmission beams or uplink-reception beams.
For example, even when the downlink-transmission beams
do not correspond to the uplink-reception beams (no beam
correspondence), application of the uplink-reception beams
enables positioning with high precision.

[0436] FIG. 27 illustrates operations of the base station
that performs positioning when sweeping beams, in a beam
coverage of a serving base station for communicating with
the UE. FIG. 27 illustrates an example where a serving base
station 2601 and a base station 2611 perform positioning of
a UE 2605.

[0437] In the example of FIG. 27, the serving base station
2601 can use beams 2602, 2603, and 2604, and communi-
cates with the UE 2605 via the beam 2603.

[0438] In the example of FIG. 27, the base station 2611
can use beams 2612, 2613, 2614, and 2615. The beams 2613
and 2614 out of these beams overlap a coverage in which the
serving base station 2601 can communicate with the UE
2605 via the beam 2603. Thus, the base station 2611
performs positioning of the UE 2605 via the beams 2613 and
2614 including the coverage in which the serving base
station 2601 can communicate via the beam 2603. In other
words, the beams 2612 and 2615 are not used when the base
station 2611 performs positioning of the UE 2605.

[0439] The serving base station may notify the base station
that performs positioning of information on the serving
beam to be used for communication with the target UE.
[0440] The following (1) to (6) are disclosed as informa-
tion on the serving beam.

[0441] (1) Information on the position of the serving base
station

[0442] (2) Information on a direction of the center of the
serving beam

[0443] (3) Information on a traveling distance of a beam
[0444] (4) Information on a width of a beam

[0445] (5) Information on a radiation range of the serving
beam

[0446] (6) Combinations of (1) and (5) above

[0447] The information in (1) may be, for example, a

latitude, a longitude, an altitude of the serving base station,
or a combination of some of these. This enables, for
example, the base station that performs positioning to under-
stand the position of the serving base station with high
precision.

[0448] Another example of the information in (1) may be
information indicating in which area determined by pre-
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defined segmentation the serving base station is located. The
predefined segmentation may be, for example, the one
defined in a standard or determined by the LMF. The
segmentation may be performed, for example, using a
latitude and a longitude, or using an altitude. The areas
segmented by the segmentation may be, for example, trian-
gular, rectangular, or hexagonal. This enables, for example,
the serving base station to notity information on the position
of its own base station in a smaller size.

[0449] Another example of the information in (1) may be
information on a difference in position between the serving
base station and the base station that performs positioning.
The information on the difference may be, for example,
combined information on differences in an east-west direc-
tion, a north-south direction, and an altitude direction,
combined information on differences in a distance, an azi-
muth angle, and an altitude between the base stations, or
combined information on a distance, an azimuth angle, and
an elevation/depression angle between the base stations.
This, for example, enables the serving base station to notify
information on the position of its own base station in a
smaller size, and enables the base station that performs
positioning to understand the position of the serving base
station with high precision.

[0450] The information in (2) may be, for example, com-
bined information on an azimuth angle at which the center
of the serving beam is oriented (e.g., information on how
many degrees in a clockwise direction from the north) and
the elevation/depression angle, or information on a vector
described using horizontal components (e.g., a combination
of'the north-south direction and the east-west direction). The
vector may include vertical components. This enables, for
example, the base station that performs positioning to under-
stand a direction of the serving beam.

[0451] The information in (3) may be, for example, a
traveling distance of the serving beam. The distance may be,
for example, expressed in a predetermined unit (e.g., in
meters), or given as information for associating a predeter-
mined parameter with the distance. This enables, for
example, the base station that performs positioning to esti-
mate a range of the serving beam within reach of the serving
base station. Consequently, the base station that performs
positioning can narrow down the range for sweeping beams,
and promptly sweep the beams.

[0452] The information in (4) may be, for example, a full
width at half maximum of the serving beam. This enables,
for example, the base station that performs positioning to
estimate a range of the serving beam within reach of the
serving base station with high precision.

[0453] The information in (5) may be, for example, infor-
mation indicating to which area determined by predefined
segmentation the coverage of the serving beam belongs. The
predefined segmentation may be, for example, the segmen-
tation disclosed in (1). This enables, for example, the serving
base station to notify information on the coverage of the
serving beam in a smaller size.

[0454] FIG. 28 illustrates an example where the serving
base station notifies overlapping areas with a coverage of a
serving beam among a plurality of predefined areas as
information on the serving beam. In the example of FIG. 28,
a communication area is partitioned into areas 2710 of a
predetermined shape (exemplified by a hexagon herein). The
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numbers of the areas 2710 overlapping a coverage of a
serving beam 2704 are used as information on the serving
beam 2704.

[0455] In the example of FIG. 28, a serving base station
2701 communicates with a UE 2705 via the serving beam
2704. The numbers of the areas 2710 overlapping the
coverage of the serving beam 2704 are 4, 7, 8, 12, 15, 16,
and 19. The serving base station 2701 notifies the base
station that performs positioning of 4, 7, 8, 12, 15, 16, and
19 as the numbers of the areas 2710. In the example of FIG.
28, the areas 2710 with the numbers of 4, 7, 8, 12, 15, 16,
and 19 overlap a part of the coverage of the serving beam (in
other words, include the part). For example, depending on
the size of the serving beam 2704 and the size and the shape
of the area 2710, one of the areas 2710 may include the
entire coverage of the serving beam 2704.

[0456] The serving base station 2701 may notify informa-
tion on the serving beam through the interface between the
base stations (e.g., the Xn interface), through the AMF, or
through the LMF. The serving base station 2701 may sweep
beams for positioning, using information on the beams to be
used for transmitting and receiving user data. This enables,
for example, the serving base station to promptly perform
the positioning.

[0457] The base station that performs positioning may
calculate, using the information, a range for sweeping beams
via which the CSI-RS for positioning is transmitted. For
example, the base station may determine one or more beams
via which the CSI-RS for positioning is transmitted.
[0458] The base station that performs positioning may
notify the UE that performs positioning of information on
the CSI-RS to be transmitted for positioning. The base
station may give the notification through the serving base
station, the LMF, or the AMF. This enables, for example, the
target UE to obtain information necessary for receiving the
CSI-RS to be used for positioning. Consequently, the posi-
tioning can be performed with high precision in the com-
munication system.

[0459] The information on the CSI-RS may be, for
example, information on the code sequence of the CSI-RS,
or information on the time and/or frequency resources of the
CSI-RS. The information may be provided for each beam
via which the CSI-RS is transmitted.

[0460] Another solution is disclosed. The base station to
be used for positioning may transmit the CSI-RS via an
available beam in the base station. The available beam may
be, for example, a beam that is not used by the base station
to communicate with the UEs being served thereby. The
positioning base station may notify the serving base station
of information on the available beam of its own base station.
The serving base station may notity the UE of information
on the available beam of the positioning base station. The
UE may receive the CSI-RS from the positioning base
station, using the information. This can, for example,
shorten the beam sweeping time in the positioning base
station, and reduce the interference from the positioning
base station to the UEs being served thereby.

[0461] A beam with less interference may be used instead
of the available beam. The interference may be interference
with the UEs under the beam, or interference received by the
base station through the beam. The UEs being served
thereby may measure the interference power of the beam.
The UEs may report the measurement results of the inter-
ference power to the base station. The base station may
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determine, using the reports, beams to be used for the
positioning. This produces, for example, the same advan-
tages as previously described.

[0462] The aforementioned two solutions may be used in
combination. The base station that performs positioning may
sweep available beams, in a beam coverage of the serving
base station for communicating with the UE. This can, for
example, further shorten the beam sweeping time in the
positioning base station, and reduce the interference from
the positioning base station to the UEs being served thereby.
[0463] The method disclosed in the first modification may
be applied to handover, switching between DUs, and/or
switching between TRPs. For example, the source base
station may notify the target base station of information on
the serving beam to be used for establishing a connection
with the UE. The information may be identical to that
disclosed in the first modification. The source base station
may determine, using the information, beams to be used for
positioning of the UE. The same may apply to the switching
between DUs and/or the switching between TRPs. This can,
for example, accelerate the positioning after handover.
[0464] The first modification enables the base station that
performs positioning to reduce the number of sweeping
beams. This can accelerate the positioning of the UE in the
communication system.

The Third Embodiment

[0465] In 3GPP, the sidelink (SL) is supported for the
Device-to-Device (D2D) communication and the Vehicle-
to-Vehicle (V2V) communication (see Non-Patent Docu-
ment 1). The SL is defined by the PC5 interface.

[0466] Physical channels (see Non-Patent Document 1) to
be used for the SL. are described. A physical sidelink
broadcast channel (PSBCH) carries information related to
systems and synchronization, and is transmitted from the
UE.

[0467] A physical sidelink discovery channel (PSDCH)
carries a sidelink discovery message from the UE.

[0468] A physical sidelink control channel (PSCCH) car-
ries control information from the UE for the sidelink com-
munication and the V2X sidelink communication.

[0469] A physical sidelink shared channel (PSSCH) car-
ries data from the UE for the sidelink communication and
the V2X sidelink communication.

[0470] Transport channels (see Non-Patent Document 1)
to be used for the SL are described. A sidelink broadcast
channel (SL-BCH) has a predetermined transport format,
and is mapped to the PSBCH that is a physical channel.
[0471] A sidelink discovery channel (SL-DCH) has peri-
odic broadcast transmission of a fixed size and a predeter-
mined format. The SL-DCH supports both of the UE autono-
mous resource selection and the resource allocation
scheduled by the eNB. The SL-DCH has collision risk in the
UE autonomous resource selection. The SL-DCH has no
collision when the eNB allocates dedicated resources to the
UE. The SL-DCH supports the HARQ combining. The
SL-DCH does not support the HARQ feedback. The SL-
DCH is mapped to the PSDCH that is a physical channel.
[0472] A sidelink shared channel (SL-SCH) supports
broadcast transmission. The SL-SCH supports both of the
UE autonomous resource selection and the resource alloca-
tion scheduled by the eNB. The SL-SCH has collision risk
in the UE autonomous resource selection. The SL.-SCH has
no collision when the eNB allocates dedicated resources to
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the UE. The SL-SCH supports the HARQ combining. The
SL-SCH does not support the HARQ feedback. The SL-
SCH supports dynamic link adaptation by varying the trans-
mission power, modulation, and coding. The SL-SCH is
mapped to the PSSCH that is a physical channel.

[0473] Logical channels (see Non-Patent Document 1) to
be used for the SL are described. A Sidelink Broadcast
Control Channel (SBCCH) is a sidelink channel for broad-
casting sidelink system information from one UE to other
UEs. The SBCCH is mapped to the SL-BCH that is a
transport channel.

[0474] A Sidelink Traffic Channel (STCH) is a point-to-
multipoint sidelink traffic channel for transmitting user
information from one UE to other UEs. This STCH is used
only by sidelink communication capable UEs and V2X
sidelink communication capable UEs. The point-to-point
communication between two sidelink communication
capable UEs is realized with the STCH. The STCH is
mapped to the SL-SCH that is a transport channel.

[0475] In3GPP, support of the V2X communication in NR
has also been studied. Study of the V2X communication in
NR has been pursued based on the LTE system and the
LTE-A system. There are changes and additions from the
LTE system and the LTE-A system in the following points.
[0476] In LTE, the SL. communication relies only on
broadcasts. In NR, support of not only broadcasts but also
unicasts and groupcasts has been studied as the SI. commu-
nication (see Non-Patent Document 29 3GPP RP-182111)).
[0477] Support of, for example, the HARQ feedback
(Ack/Nack) or the CSI report in the unicast communication
or the groupcast communication has been studied.

[0478] To satisfy the Ultra-Reliable and Low Latency
Communication (URL LC) requirements, support of the
Time Sensitive Network (TSN) has been studied in 3GPP
(see Non-Patent Document 22 (3GPP RP-182090)). The
Time Sensitive Network requires clock synchronization
between a plurality of UEs (see Non-Patent Document 25
(3GPP TR22.804 V16.1.0)). Clock synchronization between
a base station and each UE has been studied as a method for
synchronizing the clocks of a plurality of UEs (see Non-
Patent Document 26 (3GPP R3-185808), Non-Patent Docu-
ment 27 (3GPP TS36.331 V15.3.0), and Non-Patent Docu-
ment 28 (3GPP R2-1817173)).

[0479] In the clock synchronization between the base
station and the UE in the TSN, the base station may
broadcast information on the clock synchronization to the
UEs, or dedicatedly notify each of the UEs of the informa-
tion. The information may be included in system informa-
tion, or in the RRC signaling, for example, the signaling for
downlink information notification (DLInformationTransfer).
The information may include, for example, time reference
information (hereinafter timing reference) and uncertainty.
The timing reference may be combined information of a
time (reference time) and information on a predetermined
system frame, for example, information indicating the time
at the end of the predetermined system frame. The UE may
configure its own UE time, using the information.

[0480] In information included in the timing reference,
combined information of a time and information on a
predetermined subframe instead of the predetermined sys-
tem frame, for example, information indicating the time at
the end of the subframe may be used. Alternatively, com-
bined information of a time and information on a predeter-
mined slot, for example, information indicating the time at
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the end of the slot may be used in the information included
in the timing reference. The time at each of the ends may be
replaced with the time at the beginning. This can, for
example, shorten the waiting time for the UE until the time.
Consequently, the UE can promptly configure the time for its
own UE.

[0481] The base station may generate the timing reference
to be transmitted from the base station to the UE using, for
example, time information obtained from a global naviga-
tion satellite system (GNSS) or the Regional Navigation
Satellite System (RNSS), time information signaled from a
location information server to the base station, time infor-
mation signaled from the high-level NW device (e.g., AMF
and/or SMF) to the base station, or time information
obtained from a time server. For example, the base station
transmits, to the UE, the timing reference generated using
the time information signaled from the high-level NW
device to the base station to allow the clock synchronization
in the overall communication system.

[0482] The UE may correct its own UE time calculated
using the timing reference. The correction may be, for
example, correction of the propagation delay between the
base station and the UE. The correction may be performed,
using, for example, the timing advance (TA). In the com-
munication system, for example, the TA may be regarded as
the round trip propagation delay time between the base
station and the UE. The UE may use, as the corrected UE
time, a value obtained by adding a value of half the TA to its
own UE time.

[0483] As described above, support of the TSN has been
studied in 3GPP. The UEs that perform the SI. communi-
cation sometimes need to coincide in time with each other.
This occurs, for example, when automated driving control is
performed on the in-vehicle UEs that perform the unicast
communication in the SL or the in-vehicle UE groups
driving in a platoon by synchronizing the clocks. In such a
case, the UEs or the UE groups need to perform clock
synchronization.

[0484] However, the clock synchronization method for the
UEs that perform the SL. communication is not disclosed or
unknown. Thus, the UEs have a problem of failing to
perform the SL. communication requiring the clock synchro-
nization. This causes a problem of failing to use the SL in the
TSN. The third embodiment discloses a method for solving
such a problem.

[0485] The gNB notifies the UEs for the SI. communica-
tion of clock synchronization information. The gNB
includes the clock synchronization information in the SIB to
be used for the TSN, and broadcasts the information via the
TSN. For example, the SIB16 is used in LTE. Similarly, the
gNB may include the clock synchronization information in
the SIB, and broadcast the information in NR. The UEs that
perform the SL communication should receive the SIB
including the clock synchronization information to obtain
the clock synchronization information from the gNB.

[0486] All the UEs that perform the SL. communication
need not receive the SIB to be used for the TSN. When
performing a service of the TSN using the SL. communica-
tion, the UE should receive the SIB to be used for the TSN.
In response to a request from the upper layer, the UE that
performs the service of the TSN using the SL. communica-
tion receives the SIB to be used for the TSN to obtain the
clock synchronization information.
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[0487] Consequently, the UEs which are located within
the coverage of the gNB supporting the TSN and which
perform the SI. communication can obtain the clock syn-
chronization information. This enables the control under
which the UEs coincide in time with each other.

[0488] Another method for the gNB to notify the UEs for
the SL. communication of the clock synchronization infor-
mation is disclosed. The gNB includes the clock synchro-
nization information in the SIB to be used for the SL
communication, and broadcasts the information via the
TSN. For example, the SIB18 or the SIB21 is used in LTE.
Similarly, the gNB may include the clock synchronization
information in the SIB, and broadcast the information in NR.
The UEs that perform the SL communication should receive
the SIB including the clock synchronization information to
obtain the clock synchronization information from the gNB.
[0489] In response to a request from the upper layer, the
UEs that perform the service of the TSN using the SL
communication obtain the clock synchronization informa-
tion included in the SIB to be used for the SL communica-
tion. Consequently, the UEs which are located within the
coverage of the gNB supporting the TSN and which perform
the SL. communication can obtain the clock synchronization
information. This enables the control under which the UEs
coincide in time with each other.

[0490] The UEs outside the coverage of the gNB support-
ing the TSN cannot receive the clock synchronization infor-
mation held by the gNB. A method for solving such a
problem is disclosed. The UE that has the clock synchroni-
zation information and performs the SL communication may
transmit the clock synchronization information. Examples of
the UE that has the clock synchronization information
include a UE that receives the clock synchronization infor-
mation from the gNB supporting the TSN and a UE that
receives the clock synchronization information from another
UE.

[0491] Upon receipt of the clock synchronization infor-
mation from the gNB, the UE may notify the UE that
performs another SI. communication of the obtained clock
synchronization information via the PC5 signaling. Upon
receipt of the clock synchronization information from the
gNB, the UE may include the obtained clock synchroniza-
tion information in the broadcast information for SL and
transmit the information. A new physical channel may be
provided for transmitting the broadcast information for SL
including the clock synchronization information. Alterna-
tively, the PSBCH may be used for transmitting the broad-
cast information for SL including the clock synchronization
information. Application of the PSBCH enables the use of
the existing channel, and avoidance of complexity in the
control. Furthermore, the clocks of UEs can be synchronized
even when the data communication is not performed in the
SL.

[0492] The information previously disclosed should be
applied to the clock synchronization information. For
example, information corrected using the time error in the
UE, such as the clock precision of the UE, may be used as
time error information. This enables not the gNB but the UE
to transmit the clock synchronization information in the
TSN.

[0493] When the UE that performs the SL. communication
is located within the coverage of the gNB, the UE estab-
lishes timing synchronization with the gNB and transmits
the SLSS. When the gNB with which the UE establishes
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timing synchronization is different from the gNB that
receives the clock synchronization information, the UE that
performs the SL. communication should correct information
on a predetermined slot, a predetermined subframe, or a
predetermined system frame in the clock synchronization
information, into information on the slot, subframe, or
system frame which has been obtained from the timing
synchronization. For example, the timing reference may be
information on the time in the leading edge of the SLSS or
information on the time in the trailing edge of the SLSS.
Consequently, the UE that performs the SL. communication
can configure and transmit the clock synchronization infor-
mation using the timing obtained by its own UE through the
timing synchronization.

[0494] The gNB with which the UE establishes timing
synchronization may be the gNB supporting the TSN. For
example, when the UE is located within the coverages of
both of the gNB supporting the TSN and the gNB that does
not support the TSN, the gNB with which the UE establishes
timing synchronization may be the gNB supporting the TSN.
Even when the received power from the gNB with which the
UE establishes timing synchronization is higher than that
from the gNB supporting the TSN, the gNB supporting the
TSN is selected.

[0495] Consequently, the gNB supporting the TSN can be
identical to the gNB with which the UE establishes timing
synchronization. The slot timing, the subframe timing, and
the system frame timing in the UE can synchronize with
those in the gNB supporting the TSN. Thus, the information
on the predetermined slot, subframe, or system frame in the
clock synchronization information is available. The pro-
cesses for transmitting the clock synchronization informa-
tion in the UE can be facilitated.

[0496] A predetermined threshold may be provided for the
received power or the reception quality from the gNB
supporting the TSN so that the UE determines whether to be
able to receive the clock synchronization information. For
example, when the received power or the reception quality
is higher than the predetermined threshold, the UE should
determine to be able to receive the clock synchronization
information. In other words, the UE is located within the
coverage of the gNB supporting the TSN. When the received
power or the reception quality from the gNB supporting the
TSN is lower than or equal to the predetermined threshold,
the UE determines that its own UE is outside the coverage
of the gNB supporting the TSN.

[0497] When the UE can receive pieces of clock synchro-
nization information from a plurality of gNBs supporting the
TSN, the UE may obtain and use the clock synchronization
information from the gNB with a higher received power or
a higher reception quality. This enables the UE to more
reliably obtain the clock synchronization information.
[0498] Alternatively, when the UE can receive the pieces
of clock synchronization information from the plurality of
gNBs supporting the TSN, the UE may obtain and use the
clock synchronization information from the gNB with a less
time error in the clock synchronization information. Conse-
quently, the information with a less time error can be
configured even when its own UE transmits the clock
synchronization information. The TSN can be supported
with a less time error.

[0499] Consequently, when the UE is located within the
coverage of the gNB supporting the TSN, the UE can receive
the clock synchronization information from the gNB, and
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appropriately correct the clock synchronization information
and transmit the corrected clock synchronization informa-
tion.

[0500] The UE which is located outside the coverage of
the gNB supporting the TSN and which performs the SL
communication receives a channel including the clock syn-
chronization information transmitted from another UE, and
obtains the clock synchronization information.

[0501] A predetermined threshold may be provided for the
received power or the reception quality from another UE for
determining whether to be able to receive the clock syn-
chronization information. For example, when the received
power or the reception quality is higher than the predeter-
mined threshold, the UE should determine to be able to
receive the clock synchronization information. Otherwise,
the UE determines that its own UE cannot receive the clock
synchronization information. When the UE cannot receive
the clock synchronization information, the UE may try to
receive a channel including the clock synchronization infor-
mation to be transmitted from yet another UE.

[0502] When the UE can receive pieces of clock synchro-
nization information from a plurality of UEs each of which
transmits the clock synchronization information, the UE
may obtain and use the clock synchronization information
from the UE with a higher received power or a higher
reception quality. This enables the UE to more reliably
obtain the clock synchronization information.

[0503] Alternatively, when the UE can receive the pieces
of clock synchronization information from a plurality of
UEs each of which transmits the clock synchronization
information, the UE may obtain and use the clock synchro-
nization information from the UE with a less time error in
the clock synchronization information. Consequently, the
information with a less time error can be configured even
when its own UE transmits the clock synchronization infor-
mation. The TSN can be supported with a less time error.

[0504] The UE that has obtained the clock synchronization
information from another UE may include the obtained
clock synchronization information in the broadcast informa-
tion for SL and transmit the information. The processes in
receiving the clock synchronization information from the
gNB should be appropriately applied to this method. This
can produce the same advantages as previously described.
Consequently, the UE that performs the SL. communication
can receive and transmit the clock synchronization informa-
tion.

[0505] Thus, even when the UE that performs the SL
communication is not located within the coverage of the
gNB supporting the TSN, the UE can obtain the clock
synchronization information from another UE.

[0506] Another method for the UE that performs the SL
communication to transmit the clock synchronization infor-
mation is disclosed. The UE that performs the SL. commu-
nication may include, in the sidelink control information
(SCI), the clock synchronization information and transmit
the information in the PSCCH. The UE that performs the SL,
communication receives the PSCCH from the transmission
UE to obtain the clock synchronization information. Such
use of the PSCCH in receiving data for the SL. communi-
cation enables the reception UE to obtain the clock synchro-
nization information from the PSCCH necessary for receiv-
ing the data. The clock synchronization information can be
transmitted and received earlier. Since there is no need to
receive the PSBCH or another channel for obtaining the
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clock synchronization information, the clock synchroniza-
tion processes in the UE can be simplified.

[0507] The SCI may be divided into two. The SCI is
divided into, for example, SCI1 and SCI2. Two different
channels for transmitting the respective SCls may be pro-
vided. For example, the two different channels are a
PSCCH1 and a PSCCH2. All the UEs for each of which a
resource pool has been configured can receive one of the
PSCCHs, for example, the PSCCH1 similarly to the con-
ventional PSCCH. Only one UE or a UE group can receive
the other PSCCH, for example, the PSCCH2 unlike the
conventional PSCCH.

[0508] The clock synchronization information may be
included in the SCI1 previously disclosed. The UE may
include the clock synchronization information in the SCI1,
and notify the information in the PSCCHI1. All the UEs for
each of which the resource pool has been configured in the
SL. communication can receive the clock synchronization
information. Alternatively, the clock synchronization infor-
mation may be included in the SCI2. The UE may include
the clock synchronization information in the SCI2, and
notify the information in the PSCCH2. The peer UE in the
unicast communication or only the UE in a peer UE group
in the groupcast communication can receive the information.
This is effective when the number of UEs on which the
control for synchronizing the clocks is performed through
reception of clock synchronization is limited.

[0509] Another method for the UE that performs the SL
communication to transmit the clock synchronization infor-
mation is disclosed. The UE that performs the SL. commu-
nication may transmit the clock synchronization information
via the RRC signaling in the SL. communication. For
example, when the RRC connection is established between
the UEs in the unicast communication or the groupcast
communication, the UE may transmit the clock synchroni-
zation information via the RRC signaling that occurs with
the peer UE. The transmission UE in the SL. communication
includes the clock synchronization information in the RRC
signaling and transmits the information to the reception UE.
The reception UE obtains the clock synchronization infor-
mation included in the RRC signaling from the transmission
UE.

[0510] Consequently, when the RRC connection is estab-
lished, the control for synchronizing the clocks of the UEs
that perform the unicast communication or the groupcast
communication becomes possible. Since the RRC signaling
is used, the amount of information on the clock synchroni-
zation can be increased.

[0511] Another method for the UE that performs the SL
communication to transmit the clock synchronization infor-
mation is disclosed. The UE may transmit the clock syn-
chronization information via the MAC signaling in the SL.
communication. For example, the UE may transmit the
clock synchronization information to the peer UE via the
MAC signaling in the unicast communication or the group-
cast communication. The transmission UE in the SL com-
munication includes the clock synchronization information
in the MAC signaling and transmits the information to the
reception UE. The reception UE obtains the clock synchro-
nization information included in the MAC signaling from
the transmission UE. The MAC signaling may support the
HARQ feedback. This can reduce the reception error rate of
the clock synchronization information.
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[0512] Consequently, the UE outside the coverage of the
gNB supporting the TSN can receive the clock synchroni-
zation information, from the UE that has received the clock
synchronization information from the gNB supporting the
TSN or from the UE having another clock synchronization
information. This enables the control for synchronizing the
clocks of the UEs inside or outside the coverage of the gNB
supporting the TSN.

[0513] A plurality of TSNs may be configured using the
RAN. Examples of the RAN include RANs in LTE and NR.
For example, one gNB may support the plurality of TSNs in
NR. One eNB may support the plurality of TSNs in LTE.
When the plurality of TSNs are supported, the aforemen-
tioned method should be applied to each of the TSNs. For
example, the clocks may be synchronized for each of the
TSNs.

[0514] When the gNB supports the plurality of TSN, the
UE does not know information on clock synchronization of
which TSN has been received. A method for solving such a
problem is disclosed. An identifier for identifying each of the
TSN is provided. The information on clock synchronization
may include an identifier for identifying the TSN. The gNB
may associate the information on clock synchronization with
the identifier for identifying the TSN, and transmit them.
[0515] Furthermore, data to be communicated for each of
the TSNs may include the identifier for identifying the TSN.
The gNB may associate, with the data to be communicated
for each of the TSNS, the identifier for identifying the TSN,
and transmit them.

[0516] The SL may be used in the plurality of TSNs. The
aforementioned method should be applied to the SL. com-
munication between UEs. The UE that transmits the infor-
mation on clock synchronization may associate, with the
information on clock synchronization for each of the TSNs
or the data to be communicated for each of the TSNs, the
identifier for identifying the TSN, and transmit them. Upon
receipt of the identifier for identifying the TSN, the UE that
receives the information on clock synchronization can rec-
ognize that information or data on the clock synchronization
is information or data for which TSN.

[0517] When the SL is used in the plurality of TSNs, the
RRC connection may be established for each of the TSNs.
The RRC connection should be associated with the TSN. For
example, the signaling to be used for the RRC connection
may include the identifier for identifying the TSN.

[0518] This enables the clock synchronization for each of
the TSNs even when the plurality of TSNs are configured. A
plurality of services for each of which the TSN has been
configured can be provided.

The Fourth Embodiment

[0519] The method disclosed in the third embodiment may
cause differences in radio propagation range between the
UEs that perform the SL. communication. FIG. 29 is a
conceptual diagram illustrating the differences in radio
propagation range between the UEs that perform the SL
communication. The UE 1 and the UE 2, the UE 1 and the
UE 3, and the UE 1 and the UE 4 perform the SL. commu-
nication. The radio propagation ranges between the UE 1
and the UE 2, between the UE 1 and the UE 3, and between
the UE 1 and the UE 4 are different. In the SL. communi-
cation, UE_tx denotes a UE that performs transmission, and
UE_rx denotes a communication target UE.
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[0520] When the UE 1 transmits the information on clock
synchronization to each of the UE 2, the UE 3, and the UE
4, the radio propagation delay times to the respective UEs
are different. Thus, the precision of the clock synchroniza-
tion deteriorates. For example, a method using the timing
advance (TA) has been proposed as a method, when the gNB
and the UE synchronize their clocks, for correcting the
clocks according to a radio propagation range between the
UEs. However, the conventional SL. communication lacks
the TA. Thus, when the clocks are synchronized between the
UEs using the SL. communication, a problem of unavail-
ability of the TA to correction of the clocks according to the
radio propagation range between the UEs occurs. The fourth
embodiment discloses a method for solving such a problem.
[0521] A timing correction signal is provided. A timing
correction channel may be provided The timing correction
signal is configured using a predetermined sequence, and
mapped to the frequency-time resources in a predetermined
frequency band and with a predetermined time length.
Examples of the unit of frequency for representing the
resources may include the unit of subcarrier, the unit of RB,
the unit of sub-channel frequency used in the SL, and the
unit of BWP. The examples of the unit of time for repre-
senting the resources may further include the unit of Ts
(=sampling frequency (fs)), the unit of sub-symbol, the unit
of symbol, the unit of slot, the unit of subframe, and the unit
of TTI. The frequency-time resources to which the timing
correction signal is mapped may include one or more
repeated resources or resources periodically configured.
[0522] The timing correction signal may be dedicatedly
configured for each UE. For example, the sequence of the
timing correction signal and/or the frequency-time resources
for the timing correction signal may be configured for each
UE that transmits the timing correction signal. Upon receipt
of the timing correction signal transmitted from the UE in
the SL, the UE can identify the UE that has transmitted the
signal, from the sequence and/or the resources. Furthermore,
the timing correction signal may be configured dedicatedly
for each group consisting of one or more UEs. This can
identify a group to which the UE that has transmitted the
timing correction signal belongs.

[0523] Alternatively, the timing correction signal common
to the transmission UEs in the SI. communication may be
configured. When a UE uses the timing correction signal
configured in common among the UEs as transmission
partners, the UE as the transmission partner can identify that
the signal is the timing correction signal transmitted to its
own UE.

[0524] As another example of the timing correction signal,
the timing correction signal may be configured using an
identifier of the UE that transmits the signal. The identifier
of the UE should be a UE-identifiable identifier. Upon
receipt of the timing correction signal, the UE can identify
from which UE the signal has been transmitted. Similarly,
the timing correction signal may be configured using a group
identifier of a group from which the signal is transmitted.
[0525] In the SL communication, the SRS may be trans-
mitted between the UEs. Application of the SRS for allo-
cating resources to be used for transmitting the feedback in
the SL communication can increase the communication
quality in the transmission of the feedback. The sequence to
be used for the SRS and the frequency-time resources to
which the SRS is mapped may be configured dedicatedly for
each UE or dedicatedly for each group.
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[0526] The SRS may be used as the timing correction
signal. Consequently, resources for the timing correction
signal need not be separately configured. Thus, the use
efficiency of the resources can be increased.

[0527] Introduction of the Physical Sidelink Feedback
CHannel (PSFCH) has been proposed as a channel for
transmitting the Ack/Nack or the CQI in the S communi-
cation. The frequency-time resources to which the PSFCH is
mapped may be configured dedicatedly for each UE or
dedicatedly for each group. The PSFCH may be used as the
timing correction signal. Consequently, resources for the
timing correction signal need not be separately configured.
Thus, the use efficiency of the resources can be increased.
[0528] The PRACH in the Uu interface defined between
the gNB and the UE may be used as the timing correction
signal. Aside from the configuration of the PRACH for the
Uu, a PRACH for the PC5 may be configured and used as
the timing correction signal. The gNB may notify the UE
that performs the SI. communication of the configuration of
the PRACH for the SL communication. Consequently, a new
timing correction signal need not be provided. The configu-
ration of the UE for the SL. communication can be simpli-
fied.

[0529] UE_tx that transmits the information on clock
synchronization notifies UE_rx that receives the information
on clock synchronization of a request for transmitting the
timing correction signal. The following (1) to (6) are dis-
closed as examples of information included in the request
for transmitting the timing correction signal.

[0530] (1) Timing correction signal transmission instruct-
ing information

[0531] (2) Timing information for transmitting the timing
correction signal

[0532] (3) A structure of the timing correction signal
[0533] (4) An identifier of UE_tx

[0534] (5) An identifier of UE_rx

[0535] (6) Combinations of (1) to (5) above

[0536] Information for identifying the transmission timing

should be used as (2). For example, the frame number, the
slot number, or the symbol number may be used as (2).
Furthermore, each of these may include an offset value.
Furthermore, a time difference from the timing of receiving
the request for transmitting the timing correction signal to
the timing of transmitting the timing correction signal may
be used as (2). The unit of the offset value or the time
difference may be the disclosed unit representing the time
resources to which the timing correction signal is mapped.
UE_rx can identify the timing of transmitting the timing
correction signal.

[0537] For example, the aforementioned sequence or the
frequency-time resources to which the timing correction
signal is mapped may be used as the structure of the timing
correction signal in (3). UE_rx can transmit the timing
correction signal using the received structure of the timing
correction signal.

[0538] An identifier allowing the identification of UE_tx
may be used as the identifier of UE_tx in (4). UE_rx can
identify to which UE the timing correction signal is to be
transmitted.

[0539] An identifier allowing the identification of UE_rx
may be used as the identifier of UE_rx in (5). Upon receipt
of the request for transmitting the timing correction signal,
the UE can determine whether to transmit the timing cor-
rection signal.
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[0540] The request for transmitting the timing correction
signal may include a plurality of pieces of information.
UE_tx may notify, for example, a plurality of pieces of the
information in (2) or a plurality of pieces of the information
in (3). UE_rx may transmit a plurality of timing correction
signals. Alternatively, UE_rx may select one or more pieces
of information from among the plurality of pieces of infor-
mation notified from UE_tx, and transmit one or more
timing correction signals corresponding to the selected one
or more pieces of information.

[0541] The structure of the timing correction signal may
consist of one or more structures. The structure of the timing
correction signal may be statically predetermined, for
example, in a standard. The nodes that perform the V2X
communication, for example, the gNB, UE_tx, and UE_rx
can recognize the structure of the timing correction signal.
[0542] UE_tx may configure the timing correction signal.
UE_tx may select the timing correction signal from a
predetermined structure and configure the timing correction
signal. The predetermined structure of the timing correction
signal may be a structure of the timing correction signal for
the SL. The predetermined structure of the timing correction
signal may consist of one or more structures. The predeter-
mined structure of the timing correction signal may be
statically predetermined, for example, in a standard.
[0543] UE_tx notifies UE_rx of a structure in which the
timing correction signal has been configured (configuration
of the timing correction signal). UE_rx transmits the timing
correction signal, using the configuration of the timing
correction signal notified from UE_tx. UE_rx may select
one of the configurations of the timing correction signal that
have been notified from UE_tx, and transmit the timing
correction signal using the selected configuration.

[0544] The configuration of the timing correction signal
made by UE_tx enables, for example, configuration of the
timing correction signal for UE_rx even when the UEs
perform the SL communication outside the coverage of the
cell. This enables UE_rx to transmit the timing correction
signal.

[0545] The gNB may configure the timing correction
signal. The gNB may select the timing correction signal
from a predetermined structure and configure the timing
correction signal. The predetermined structure of the timing
correction signal may be a structure of the timing correction
signal for the SL. The predetermined structure of the timing
correction signal may consist of one or more structures. The
predetermined structure of the timing correction signal may
be statically predetermined, for example, in a standard. The
gNB notifies UE_tx of the structure in which the timing
correction signal has been configured (configuration of the
timing correction signal).

[0546] UE_tx notifies UE_rx of the structure of the timing
correction signal notified from the gNB. UE_tx may notify
UE_rx of a part or the entirety of the structure of the timing
correction signal notified from the gNB. UE_rx transmits the
timing correction signal, using the configuration of the
timing correction signal notified from UE_tx. UE_rx may
select one of the configurations of the timing correction
signal that have been notified from UE_tx, and transmit the
timing correction signal using the selected configuration.
[0547] The configuration of the timing correction signal
made by the gNB enables configuration of a different timing
correction signal for a different UE_tx. This can vary the
structure of the timing correction signal to be transmitted by
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UE_rx, and reduce the collision on the timing correction
signal. A probability of successfully receiving the timing
correction signal from UE_rx can be increased in UE_tx.
[0548] UE_rx may configure the timing correction signal.
UE_rx may select the timing correction signal from a
predetermined structure and configure the timing correction
signal. The predetermined structure of the timing correction
signal may be statically predetermined, for example, in a
standard.

[0549] UE_rx configures the timing correction signal, so
that the signaling for notifying the configuration of the
timing correction signal from UE_tx to UE_rx or the sig-
naling for notifying the configuration of the timing correc-
tion signal from the gNB to UE_rx through UE_tx can be
reduced. The amount of signaling and the latency time until
transmission of the timing correction signal can be reduced.
[0550] A method for notifying the request for transmitting
the timing correction signal is disclosed. UE_tx may notify
UE_rx of the request for transmitting the timing correction
signal via the PC5 control signaling in the SL. communica-
tion. Alternatively, UE_tx may give the notification via the
RRC signaling in the SL. communication. UE_tx may notify
the request for transmitting the timing correction signal via
the RRC signaling for the SI. communication as an RRC
message for the SL. communication. UE_tx may include the
request for transmitting the timing correction signal in the
SCCH that is a logical channel in the SL, and transmit the
request. This enables UE_tx to notify UE_rx of the request
for transmitting the timing correction signal.

[0551] Another method for notifying the request for trans-
mitting the timing correction signal is disclosed. UE_tx may
notify UE_rx of the request for transmitting the timing
correction signal via the MAC signaling in the SL. commu-
nication. UE_tx may include the request for transmitting the
timing correction signal in the MAC control information,
and notify the request. Since UE_rx need not perform a
process of receiving the request for transmitting the timing
correction signal via the RRC, UE_rx can perform the
receiving process earlier.

[0552] Another method for notifying the request for trans-
mitting the timing correction signal is disclosed. UE_tx may
include, in the SCI in the SL. communication, the request for
transmitting the timing correction signal, and transmit the
request to UE_rx in the PSCCH in the SI. communication.
UE_tx may include the request for transmitting the timing
correction signal in the SCI1. UE_tx may include the request
for transmitting the timing correction signal in the SCI1, and
notify the request in the PSCCHI.

[0553] Alternatively, UE_tx may include the request for
transmitting the timing correction signal in the SCI2. UE_tx
may include the request for transmitting the timing correc-
tion signal in the SCI2, and notify the request in the
PSCCH2. The notification of the request for transmitting the
timing correction signal in the PSCCH enables UE_rx to
perform the receiving process earlier. Thus, transmission of
the timing correction signal from UE_rx can be configured
earlier.

[0554] Another method for notifying the request for trans-
mitting the timing correction signal is disclosed. UE_tx may
transmit the request for transmitting the timing correction
signal to UE_rx, using the PSCCH and the PSSCH in the SL.
communication. For example, UE_tx may include, in the
SCI, information indicating the request for transmitting the
timing correction signal and the identifier of UE_rx out of
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information included in the request for transmitting the
timing correction signal, transmit the information and the
identifier in the PSCCH, and transmit the other information
in a PSCCH associated with the PSCCH. When the request
for transmitting the timing correction signal includes many
pieces of information, UE_tx can transmit such pieces of
information in the PSSCH for which many resources can be
reserved.

[0555] The aforementioned methods for notifying the
request for transmitting the timing correction signal may be
used in combination. For example, UE_tx may transmit, via
the RRC signaling, a part of information to be included in
the request for transmitting the timing correction signal, and
include the other information in the PSCCH and transmit the
information. For example, UE_tx may transmit the structure
of the timing correction signal via the RRC signaling, and
transmit the other information in the PSCCH. For example,
when a plurality of structures of the timing correction signal
are configured, UE_tx can transmit many pieces of infor-
mation via the RRC signaling.

[0556] UE_tx may notify a plurality of structures of the
timing correction signal, separately from one of the struc-
tures of the timing correction signal to be actually transmit-
ted by UE_rx. Furthermore, UE_tx may give the notification
using the aforementioned combination. For example, UE_tx
may notify the plurality of structures of the timing correction
signal via the RRC signaling, and notify one of the structures
of the timing correction signal to be actually transmitted by
UE_rx, in the PSCCH together with information on the
request for transmitting the timing correction signal. Appli-
cation of the RRC signaling enables transmission of many
pieces of information. Application of the PSCCH enables
notification of the request for transmitting the timing cor-
rection signal to transmission of the timing correction signal,
with low latency.

[0557] UE_tx may broadcast the structure of the timing
correction signal as broadcast information in the SL. com-
munication. For example, UE_tx may include the structure
of the timing correction signal in the MIB in the SL, and
transmit the structure in the PSBCH. Consequently, UE_tx
need not dedicatedly notify a plurality of UE_rxs of the
structure of the timing correction signal. This can increase
the use efficiency of the resources for the signaling. This is
effective, for example, when the structure of the timing
correction signal is configured for each UE_tx.

[0558] UE_rx transmits the timing correction signal with
a predetermined timing. UE_rx may use, as the predeter-
mined timing, the timing information for transmitting the
timing correction signal which has been received from
UE_tx. Alternatively, UE_rx may transmit the timing cor-
rection signal with the predetermined timing, using the
frequency-time resources indicated by the latest structure of
the timing correction signal after receiving the timing cor-
rection signal transmission instructing information. Alterna-
tively, the predetermined timing may be the timing statically
predetermined, for example, in a standard. Alternatively, the
predetermined timing may be the timing configured by
UE_tx. UE_rx transmits the timing correction signal, using
the structure in which the timing correction signal has been
configured.

[0559] Consequently, UE_tx can recognize the timing
with which UE_rx has transmitted the timing correction
signal.
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[0560] UE_tx receives the timing correction signal trans-
mitted by UE_rx. UE_tx calculates a round-trip time (RTT)
in the SL communication between UE_tx and UE_rx, using
the transmission timing of its own UE, the timing with
which UE_rx has transmitted the timing correction signal,
and the timing with which its own UE has received the
timing correction signal from UE_rx. UE_tx calculates the
RTT dedicated for each UE_rx.

[0561] When UE_rx performs multipath transmission of
the timing correction signal, UE_tx may use the signal
received the earliest for calculating the RTT. Alternatively,
UE_tx may use the signal whose received power is the
highest for calculating the RTT.

[0562] UE_tx calculates a clock synchronization correc-
tion value dedicated for each UE_rx, from the RTT dedi-
cated for the UE_rx. The clock synchronization correction
value should be half the RTT. UE_tx notifies UE_rx of the
clock synchronization correction value dedicated for the
UE_rx. UE_tx may notify UE_rx of clock synchronization
correcting information dedicated for the UE_rx. The clock
synchronization correcting information may include not
only the clock synchronization correction value but also the
identifier of UE_rx to which the clock synchronization
correction value is applied. This enables UE_rx to receive,
from UE_tx, the clock synchronization correction value in
its own UE.

[0563] UE_rx corrects the information on clock synchro-
nization notified from UE_tx, using the clock synchroniza-
tion correction value. For example, UE_rx should add the
clock synchronization correction value to the clock infor-
mation. This corrects the radio propagation delay time
between UE_tx and UE_rx.

[0564] UE_tx may notify UE_rx of the RTT. UE_rx cal-
culates the clock synchronization correction value from the
RTT. The clock synchronization correction value should be
half the RTT. This can reduce a process of calculating the
clock synchronization correction value by UE_tx. When
UE_tx performs the SL. communication with many UE_rxs,
the processes in UE_tx can be reduced.

[0565] UE_tx may correct the clock synchronization infor-
mation using the clock synchronization correction value,
and notify UE_rx of the corrected clock synchronization
information. UE_tx should dedicatedly notify UE_rx to
which the clock synchronization correction value is applied
of'the clock synchronization information corrected using the
clock synchronization correction value. UE_tx should per-
form the process of calculating the clock synchronization
correction value before notifying UE_rx of the clock syn-
chronization information. Since UE_rx can receive the cor-
rected clock synchronization information, the clock syn-
chronization process in UE_rx can be reduced.

[0566] The disclosed methods for notifying the request for
transmitting the timing correction signal should be appro-
priately applied to a method for UE_tx to notity UE_rx of
the clock synchronization correction value, the clock syn-
chronization correcting information, and the clock synchro-
nization information corrected using the clock synchroniza-
tion correction value. This can produce the same advantages
as previously described.

[0567] UE_tx may dedicatedly notify UE_rx of the cor-
rected clock synchronization information, using the broad-
cast communication in the SL communication. UE_tx trans-
mits, to the upper layer, the corrected clock synchronization
information. UE_tx may include, in an upper layer message,
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the corrected clock synchronization information, and dedi-
catedly notify UE_rx of the information. As another method,
UE_tx transmits, to the upper layer, the clock synchroniza-
tion correcting information. The upper layer corrects the
clock synchronization, using the clock synchronization cor-
recting information and the clock synchronization informa-
tion. UE_tx may include, in the upper layer message, the
clock synchronization information corrected in the upper
layer, and dedicatedly notify UE_rx of the information. This
is effective, for example, when the clock synchronization
information is configured in the upper layer, and is notified
to UE_rx through the upper layer message.

[0568] In the unicast communication or the groupcast
communication in the SL. communication, UE_tx may notify
UE_rx of the clock synchronization information after the
UEs establish the RRC connection. UE_tx may dedicatedly
notify UE_rx of the clock synchronization information. The
disclosed methods for notifying the request for transmitting
the timing correction signal should be appropriately applied
to a method for UE_tx to notify UE_rx of the clock
synchronization information. This can produce the same
advantages as previously described.

[0569] A transmission disabling section is prepared before
and/or after the frequency-time resources to which the
timing correction signal is mapped, with the slot timing in
UE_tx. The transmission disabling section may be statically
predetermined, or configured and notified to UE_tx by the
gNB. Alternatively, UE_tx may configure the transmission
disabling section. Even when the timing correction signal
transmitted by UE_rx deviates from the slot timing in UE_tx
due to the radio propagation delay, UE_tx can receive the
timing correction signal.

[0570] FIG. 30 illustrates the first example sequence in
performing a process of correcting the clock synchroniza-
tion. FIG. 30 illustrates an example where the UE 1 (UE_tx)
transmits information on clock synchronization to the UE 2
(UE_rx) in the SL. communication. Although FIG. 30 illus-
trates the example where the UE 1 transmits the information
on clock synchronization to the one UE 2, the UE 1 can
transmit the information on clock synchronization to a
plurality of UEs 2.

[0571] InStep ST4201, the UE 1 transmits the information
on clock synchronization to the UE 2. The method disclosed
in the third embodiment should be applied to a method for
transmitting the information on clock synchronization. The
information on clock synchronization may include, for
example, information on the system frame, clock informa-
tion (reference time), and uncertainty. The UE 2 can receive
the information on clock synchronization. This enables the
clock synchronization with the UE to which the clock
synchronization information has been notified from the UE
1. However, when the radio propagation range from the UE
1 differs for each UE, a problem of deterioration in the
synchronization precision occurs. Thus, the clock synchro-
nization process is performed herein.

[0572] In Step ST4202, the UEs 1 and 2 establish the RRC
connection. The unicast communication may be used as the
SL. communication between the UEs 1 and 2. In Step
ST4203, the UE 1 determines to request the UE 2 to transmit
the timing correction signal. For example, the communica-
tion quality from the UE 2 may be used as the decision
criterion. The UE 1 may determine to request the UE 2 to
transmit the timing correction signal when the communica-
tion quality from the UE 2 deteriorates below a predeter-
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mined threshold. This is effective when the communication
quality deteriorates due to the timing offset between the UEs
1 and 2.

[0573] Alternatively, for example, information on the
position of the UE 2 may be used. Examples of the infor-
mation on the position may include position information,
area or zone information, and speed information. The UE 2
notifies the UE 1 of the information on the position. The UE
1 may determine to request the UE 2 to transmit the timing
correction signal, when the information on the position
received from the UE 2 indicates that the UE 2 is located
outside a predetermined area.

[0574] In Step ST4204, the UE 1 transmits the request for
transmitting the timing correction signal to the UE 2. For
example, the UE 1 may include the structure of the timing
correction signal, the transmission timing information, and
the transmission instructing information in the request for
transmitting the timing correction signal, and notify the
information. In the example of FIG. 30, the UE 1 notifies the
request for transmitting the timing correction signal, using
the PSCCH.

[0575] In Step ST4205, the UE 2 configures, for example,
the sequence and the frequency-time resources of the timing
correction signal, using the structure of the timing correction
signal notified in Step ST4204. In Step ST4206, the UE 2
transmits the timing correction signal to the UE 1. Upon
receipt of the timing correction signal from the UE 2, the UE
1 calculates the RTT of the UE 2 according to the afore-
mentioned method in Step ST4207. Furthermore, the UE 1
calculates the clock synchronization correction value of the
UE 2 from the RTT.

[0576] In Step ST4208, the UE 1 transmits, to the UE 2,
the clock synchronization correcting information for the UE
2. The UE 1 may transmit a request for correcting the clock
synchronization to the UE 2. The UE 1 may include, in the
request for correcting the clock synchronization, the clock
synchronization correcting information for the UE 2 and
notify the information. For example, the UE 1 transmits the
clock synchronization correcting information in the PSCCH.
In Step ST4209, the UE 2 corrects the clock synchronization
information, using the clock synchronization information
received from the UE 1 in Step ST4201 and the clock
synchronization correcting information for its own UE
received in Step ST4208. For example, the UE 2 should add
the clock synchronization correction value to the clock
information. This corrects the radio propagation delay time
between the UEs 1 and 2.

[0577] What is disclosed is that the information on clock
synchronization in the SL. may be notified in the broadcast
communication. What is further disclosed is that the process
of correcting the clock synchronization may be performed in
the unicast communication. The information on clock syn-
chronization may be notified in LTE, and the process of
correcting the clock synchronization may be performed in
NR. This is effective for the UE that supports both of the
RATs of LTE and NR.

[0578] Although FIG. 30 discloses the example when the
number of the UEs 2 is one, the number of the UEs 2 may
be two or more. Each of the UEs should dedicatedly perform
the process of correcting the clock synchronization. Each of
the UEs to which the UE 1 has transmitted the information
on clock synchronization may dedicatedly perform the pro-
cess of correcting the clock synchronization. This enables
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the clock synchronization between the UEs in the SL
communication with high precision.

[0579] FIG. 31 illustrates the second example sequence in
performing the process of correcting the clock synchroni-
zation. In FIG. 31, the same step numbers are applied to the
steps common to those in FIG. 30, and the common descrip-
tion thereof is omitted. Unlike the example of FIG. 30, FIG.
31 illustrates an example of separately notifying a timing-
correction-signal structure and a request for transmitting the
timing correction signal. FIG. 31 also illustrates an example
of'selecting a plurality of timing-correction-signal structures
and configuring the structures as candidates.

[0580] In Step ST4301, the UE 1 selects one or more
timing-correction-signal structures. The UE 1 may select the
one or more timing-correction-signal structures as timing-
correction-signal structure candidates. In Step ST4302, the
UE 1 notifies the UE 2 of the timing-correction-signal
structure candidates. Configuration information on the tim-
ing-correction-signal structure candidates may include
information on the one or more timing-correction-signal
structures (structure candidate information), the transmis-
sion timing information associated with each of the struc-
tures, and the transmission instructing information. What is
described herein is an example where the UE 1 gives the
notification in Step ST4302 via the RRC signaling or the
MAC signaling. The UE 2 receives the timing-correction-
signal structure candidates from the UE 1.

[0581] In Step ST4203, the UE 1 determines to request the
UE 2 to transmit the timing correction signal similarly to
FIG. 30. In Step ST4303, the UE 1 notifies the UE 2 of the
request for transmitting the timing correction signal. Here,
the UE 1 includes, in the request, the transmission timing
information and the transmission instructing information.
What is described herein is an example where the UE 1 gives
the notification in Step ST4303 using the PSCCH. Upon
receipt of the request for transmitting the timing correction
signal from the UE 1, the UE 2 selects, in Step ST4304, a
timing-correction-signal structure from among the timing-
correction-signal structure candidates received from the UE
1 in Step ST4302. In Step ST4206, the UE 2 transmits the
timing correction signal to the UE 1 using the selected
timing-correction-signal structure.

[0582] As such, the UE 1 notifies the UE 2 of the timing-
correction-signal structure candidates, and the UE 2 selects
the timing-correction-signal structure to be used for actual
transmission from among the structure candidates. This
enables, for example, the UE 2 to transmit the timing
correction signal using the timing-correction-signal struc-
ture that can be transmitted with the earliest timing since
receipt of the request for transmitting the timing correction
signal. This enables the timing correction with low latency.

[0583] The UE 1 should receive transmission from the UE
2, using all the timing-correction-signal structures selected
as the candidates. Using whichever structure the UE 2
transmits the timing correction signal, the UE 1 can receive
the signal. The UE 2 may select a plurality of timing-
correction-signal structures to be used for actual transmis-
sion from among the timing-correction-signal structure can-
didates. The UE 2 may transmit the timing correction signals
using the selected timing-correction-signal structures. The
transmission using the plurality of timing-correction-signal
structures can increase the probability of successfully
receiving the timing correction signal in the UE 1. For
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example, even when the UE 1 cannot receive one timing
correction signal, the UE 1 has only to receive the other one
timing correction signal.

[0584] The timing-correction-signal structure candidates
may be dedicatedly selected for each of plurality of UEs to
which the information on clock synchronization is transmit-
ted from the UE 1. This can avoid an overlap in timing-
correction-signal structure between the UEs. As another
method, the timing-correction-signal structure candidates
may be selected so that the plurality of UEs to which the
information on clock synchronization is transmitted from the
UE 1 share a part or the entirety of the timing-correction-
signal structure candidates. Although there may be an over-
lap in timing-correction-signal structure between the UEs,
the use efficiency of resources can be increased.

[0585] FIG. 32 illustrates the third example sequence in
performing the process of correcting the clock synchroni-
zation. In FIG. 32, the same step numbers are applied to the
steps common to those in FIGS. 30 and 31, and the common
description thereof is omitted. Unlike the example of FIG.
31, FIG. 33 illustrates an example where the UE 1 corrects
the clock synchronization and notifies the UE 2 of the
information on the corrected clock synchronization.

[0586] In the example of FIG. 32, Step ST4201 in the
examples of FIGS. 30 and 31 is not performed. Specifically,
the UE 1 does not perform the step for transmitting the
information on clock synchronization to the UE 2 before
correction of the clock synchronization. In Step ST4401, the
UE 1 calculates the clock synchronization correction value,
using the RTT of the UE 2 calculated in Step ST4207. The
UE 1 corrects the clock synchronization information, using
the information on clock synchronization and the clock
synchronization correction value of the UE 2. For example,
the UE 1 should add the clock synchronization correction
value of the UE 2 to the clock information. This produces the
information on clock synchronization of the UE 2 (after
correcting the clock synchronization) in which the radio
propagation delay time between the UEs 1 and 2 has been
corrected.

[0587] InStep ST4402, the UE 1 transmits the information
on clock synchronization (after correcting the clock syn-
chronization) to the UE 2. The UE 1 notifies combined
information of the clock information after correcting the
clock synchronization, information on the corresponding
system frame, and uncertainty. The UE 1 may transmit the
information on clock synchronization (after correcting the
clock synchronization) dedicatedly to each UE. For
example, when the radio propagation range between UE_tx
and UE_rx in the SL. communication and the information on
clock synchronization (after correcting the clock synchro-
nization) are different for each UE, the dedicated notification
to each UE enables application of the information on clock
synchronization (after correcting the clock synchronization)
dedicatedly to each UE.

[0588] In Step ST4403, the UE 2 synchronizes the clock
using the received information on clock synchronization
(after correcting the clock synchronization). This enables the
UEs that receive the information on clock synchronization to
synchronize their clocks after correcting the clock synchro-
nization. Consequently, the precision of the clock synchro-
nization can be increased. Furthermore, there is no need to
separately notify the information on clock synchronization
and the clock synchronization correcting information. This
enables notification of the information on clock synchroni-
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zation after correcting the clock synchronization once. This
can reduce the amount of signaling.

[0589] When the UE 1 selects the timing-correction-signal
structure candidates so that a plurality of UEs 2 to which the
information on clock synchronization is transmitted from the
UE 1 share a part or the entirety of the timing-correction-
signal structure candidates and each of the UEs 2 selects the
timing correction signal for actual transmission from among
the structure candidates, a collision in timing correction
signal occurs between the plurality of UEs 2. When the
collision occurs, the UE 1 has a problem of failing to receive
the timing correction signal from at least one of the UEs 2.
A method for solving such a problem is disclosed.

[0590] The UE 2 retransmits the timing correction signal.
The UE 2 determines whether to perform the retransmission.
The UE 2 that has determined to perform the retransmission
selects another timing-correction-signal structure from
among the timing-correction-signal structure candidates,
and transmits the timing correction signal in the selected
structure to the UE 1. The UE 1 may notify the UE 2 of
information on the retransmission timing in advance. The
UE 1 may configure the retransmission timing for each
timing-correction-signal structure. The UE 1 may include
information on the retransmission timing in the notification
of the timing-correction-signal structure, and notify the
information. This enables, for example, the UE 1 to cause
the UE 2 to retransmit the timing correction signal without
waiting for the next timing-correction-signal structure.

[0591] A method for the UE 2 to determine whether to
perform the retransmission is disclosed. When the UE 2
cannot receive clock correction information within a prede-
termined period, the UE 2 determines to retransmit the
timing correction signal. Alternatively, when the UE 2
cannot receive the information on clock synchronization
within a predetermined period, the UE 2 may determine to
retransmit the timing correction signal.

[0592] A timer may be provided for managing the prede-
termined period. The predetermined period may be statically
predetermined, for example, in a standard, or configured and
notified to the UE 2 by the UE 1. Alternatively, the prede-
termined period may be configured and notified to the UE 1
by the gNB, and then notified from the UE 1 to the UE 2.
This enables the UE 2 to determine to retransmit the timing
correction signal when the UE 1 cannot receive the time
correction signal. Retransmission of the timing correction
signal from the UE 2 can increase the probability of suc-
cessfully receiving the timing correction signal in the UE 1.
Consequently, the clock synchronization can be corrected
for the UE 2.

[0593] As another method, the UE 1 may notify the UE 2
of'a request for the timing correction signal again. When the
UE 1 cannot receive the time correction signal from the UE
2 with a predetermined timing configured by its own UE, the
UE 1 notifies the UE 2 of the request for the timing
correction signal again. When the UE 1 cannot receive the
time correction signal from the UE 2 with the predetermined
timing configured by its own UE within a predetermined
period, the UE 1 may notify the UE 2 of the request for the
timing correction signal again. A timer may be provided for
managing the predetermined period. This is effective when
the timing correction signal is periodically transmitted.

[0594] The disclosed method may be applied only to the
UE that establishes a TSN link. The disclosed method need
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not be applied to the UE that does not establish the TSN link.
This prevents increase in processes of the UE that does not
establish the TSN link.

[0595] The disclosed method on the process of correcting
the clock synchronization need not be implemented for all
the UEs to which the information on clock synchronization
has been notified. The disclosed method on the process of
correcting the clock synchronization may be implemented
for a part of the UEs to which the information on clock
synchronization has been notified. The disclosed method on
the process of correcting the clock synchronization may be
implemented for the UE requiring correction of the clock
synchronization. For example, the disclosed method on the
process of correcting the clock synchronization may be
implemented when a distance between UE_tx and UE_rx is
long.

[0596] The disclosed method may be repeatedly imple-
mented. The process of correcting the clock synchronization
may be periodically performed. UE_tx may request UE_rx
to periodically transmit the timing correction signal. UE_tx
may include the periodical information in the request for
transmitting the timing correction signal, and notify UE_rx
of the information. For example, when the UEs move, the
process of correcting the clock synchronization is repeatedly
performed. This can correct the clock synchronization even
when a distance between UEs varies due to the movement of
the UEs.

[0597] The method disclosed in the fourth embodiment
can establish the TSN link between the UEs with high
synchronization precision.

[0598] Although transmission of the timing correction
signal from UE_rx to UE_tx is disclosed, the timing cor-
rection signal may include scheduling request information.
Furthermore, the timing correction signal may include BSR
information. When UE_rx needs to transmit information to
UE_tx, UE_rx can request a schedule from UE_tx, using the
timing correction signal in the transmission.

[0599] The First Modification of the Fourth Embodiment
[0600] Support of groupcasts in the SI. communication
has been studied in 3GPP. In the groupcast communication,
a UE group is formed, and UEs in the group perform the SL.
communication. A problem is that none discloses a method
for establishing the TSN link when such a UE group is
formed. Furthermore, operations using both of Radio Access
Technologies (RATs) of LTE and NR have been studied in
3GPP. A problem is that none discloses a method for
establishing the TSN link in the operations using both of the
RATs. The first modification of the fourth embodiment
discloses a method for solving such problems.

[0601] A method for one UE in a UE group that performs
the groupcast communication to allocate resources for the
SL. communication to another UE has been proposed. The
UE that allocates the resources for the SL communication
may be referred to as a head UE, and the other UE may be
referred to as a member-UE. UE_tx in the methods disclosed
in the third and fourth embodiments should be applied to the
head UE, as the method for establishing the TSN link when
the UE group is formed. Furthermore, UE_rx should be
applied to the member-UE. The TSN link with high syn-
chronization precision can be established in the UE group.
[0602] The UEs in the UE group need not perform a
process of correcting the clocks. This is effective, for
example, when the UEs in the UE group are close to each
other. The same clock synchronization correction value may
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be configured for the member UEs in the UE group. For
example, the head UE performs the process of correcting the
clock synchronization with one of the member UEs in the
UE group, and notifies all the member UEs in the UE group
of the calculated clock synchronization correction value,
using the clock synchronization correction value. The
method for dedicatedly notifying each UE or the notification
method using the broadcast communication may be applied
to a method for notifying all the member UEs in the UE
group of the same clock synchronization correction value.
The broadcast communication can reduce the UE dedicated
signaling.

[0603] The member UEs correct the clock synchroniza-
tion, using the clock synchronization correction value
received from the head UE. This is effective when the
member UEs in the UE group are close by.

[0604] The UEs may be grouped based on the position
information of the UEs. For example, a group of UEs is
formed for each particular area (zone). A resource pool for
each zone may be configured, so that the resource pool
corresponding to the zone may be used. One or more UE
groups may be formed for each zone. As previously
described, the methods disclosed in the third and fourth
embodiments should be applied to the method for establish-
ing the TSN link when such UE groups are formed.

[0605] The UEs in the UE group configured in a zone need
not perform the process of correcting the clocks. This is
effective, for example, when the zone is narrow and the UEs
are close to each other.

[0606] The member UEs may be grouped based on the
position information of the member UEs. Furthermore, one
UE group may be divided into sub-groups based on the
position information of the member UEs. For example, the
UEs in one UE group are divided into sub-groups for each
zone to which the UEs belong. The aforementioned methods
should be applied to the clock synchronization method and
the method on the process of correcting the clock synchro-
nization when such sub-groups are formed.

[0607] The UE may notify the gNB of the position infor-
mation of the UE, or the gNB may calculate the position
information of the UE. The gNB notifies the UE of to which
UE group the UE belongs. A UE group identifier may be
provided. The gNB may notify the UE of a UE group
identifier of a UE group to which the UE belongs. This can
form a UE group based on the position information of the
UEs.

[0608] As another method, the position information of the
member UEs may be notified to the head UE. The head UE
may calculate the position information of the member UEs.
The head UE notifies the member UE of to which sub-group
the UE belongs. A sub-group identifier may be provided. The
head UE may notify the member UE of a sub-group iden-
tifier of a sub-group to which the UE belongs. This can form
a sub-group based on the position information of the UEs in
one UE group.

[0609] When the TSN link is established in the SL com-
munication, the UEs that establish the TSN link may be
limited to UEs in the same UE group. Specifically, estab-
lishment of the TSN link only within the UE group should
be enabled. Establishment of the TSN link between different
UE groups should be disabled. The TSN link is established
only within the UE group. The UEs that establish the TSN
link are UEs within the same UE group. The methods
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disclosed in the third and fourth embodiments should be
applied to a method for the UEs in the UE group to establish
the TSN link.

[0610] When one UE belongs to a plurality of UE groups,
the one UE may be capable of establishing a plurality of
TSN links. When the TSN link is established for each
plurality of UE groups, the one UE synchronizes the clock
via the established plurality of TSN links. When a UE group
is formed for each plurality of services of one UE, the TSN
link can be established for each UE group, and the TSN link
can be established for each of the services. The methods
disclosed in the third and fourth embodiments should be
applied to a method for establishing the TSN link between
the UEs in the UE group.

[0611] Similarly, when the TSN link is established in the
SL communication, the UEs that establish the TSN link may
be limited to UEs using the same RAT. Specifically, estab-
lishment of the TSN link only using the same RAT should
be enabled. Establishment of the TSN link using different
RATs should be disabled. The TSN link is established only
using the same RAT. The UEs that establish the TSN link are
UEs using the same RAT. The methods disclosed in the third
and fourth embodiments should be applied to a method for
the UEs using the same RAT to establish the TSN link.

[0612] Limiting the UEs that can establish the TSN link to
UEs in a UE group or using the same RAT enables the
establishment of the TSN link using the SL. communication
as a system with ease.

[0613] A method for establishing the TSN link between
different UE groups using the SI. communication is dis-
closed. Head UEs in respective UE groups synchronize their
clocks. The head UEs mutually notify the information on
clock synchronization in advance. The head UEs may mutu-
ally notify the clock synchronization correcting information.
The methods disclosed in the third and fourth embodiments
should be applied to these methods.

[0614] The gNB may notify the UE of a validity time limit
of the clock synchronization. When the head UEs synchro-
nize their clocks, the validity time limit of the clock syn-
chronization received from the gNB may be synchronous
with the latest time from the UE. The UE may include the
validity time limit of the clock synchronization received
from the gNB in the information on clock synchronization
and transmit the validity time limit. Upon receipt of the
clock synchronization information of another head UE, the
head UE may determine with which head UE the clock is
synchronized within the validity time limit. This enables the
clock synchronization between the head UEs for a longer
period.

[0615] The aforementioned methods should be applied to
the establishment of the TSN link in the UE group. This
enables the establishment of the TSN link between different
UE groups using the SI. communication. Since the TSN link
can be established between different UE groups, the TSN
link can be established, for example, between many UEs,
between various UEs, and between UEs in a wide range.

The Fifth Embodiment

[0616] Support of unicasts and groupcasts in the SL. com-
munication in NR has been studied in 3GPP. Support of, for
example, the HARQ feedback (Ack/Nack) or the CSI report
in the unicast communication or the groupcast communica-
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tion has been studied. As such, the bidirectional communi-
cation is performed in the unicast communication or the
groupcast communication.

[0617] In the normal communication via the Uu interface
between the gNB and the UE, the UL transmission timing
from the UE to the gNB is adjusted in consideration of the
radio propagation delay. The UE synchronizes with the DL
signal from the gNB, adjusts the transmission timing of the
UL signal to the gNB, and transmits the UL signal. Mean-
while, the conventional SI. communication relies only on
broadcasts. Since the broadcasts do not require feedback
transmission, the transmission timing of the feedback trans-
mission need not be considered.

[0618] However, the bidirectional communication and the
feedback transmission are performed in the unicasts and the
groupcasts in the SL. communication in NR. In the SL
communication, the bidirectional communication is per-
formed with UL resources. With simple application of the
transmission timing of the UL signal between the gNB and
the UE to the S communication, the UEs that perform the
SL communication transmit the UL signals to the gNB with
different timings. This is because the radio propagation
range from the gNB differs for each of the UEs that perform
the SL communication.

[0619] FIG. 33 is a conceptual diagram illustrating trans-
mission timings of UEs that perform the SL communication,
with application of a conventional method. A base station
frame consists of the DL, a gap (GAP), and the UL. The
lateral direction represents the time axis. The UE 1 receives
a signal from the gNB, and synchronizes the timing of its
own UE with the DL frame timing of the gNB. As described
above, the UE 1 adjusts the UL frame timing of the base
station in consideration of the radio propagation delay to
adjust the transmission timing of its own UL signal. The
same applies to the UE 2.

[0620] When the radio propagation range from the gNB to
the UE 1 differs from that from the gNB to the UE 2, the
transmission timings of the UL signals from the UE 1 and
the UE 2 differ. Thus, when the UE 1 and the UE 2 perform
the S communication, the transmission/reception timing is
out of alignment between the UEs that perform the SL
communication. This causes deterioration of the communi-
cation quality between the UEs or a failure in the commu-
nication.

[0621] The fifth embodiment discloses a method for deter-
mining the transmission timing of the feedback transmission
to solve such a problem.

[0622] In the SI. communication, the UE that performs
transmission (UE_tx) includes, in the SL control information
(SCI), the scheduling information such as the resource
allocation information of the PSSCH or the communication
target UE (UE_rx), and transmits the information in the
PSCCH. Furthermore, UE_tx transmits the PSSCH accord-
ing to the scheduling information. Upon receipt of the
PSCCH, UE_rx recognizes that the PSCCH is for its own
UE, receives the PSSCH according to the scheduling infor-
mation, and obtains the data.

[0623] UE_tx transmits the SL signal with reference to the
DL frame timing received from the gNB. The SL transmis-
sion timing in UE_tx is based on the DL frame timing
received from the gNB. FIG. 34 illustrates the transmission
timings of the UEs that perform the SL. communication
according to the fifth embodiment. A base station frame
consists of the DL, a non-transmission section (a gap
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(GAP)), and the UL. The lateral direction represents the time
axis. Each duration of the DL, the gap, and the UL may
consist of, for example, one or more subframes, one or more
slots, one or more symbols, one or more Ts periods, or a
combination of some of these. The unit of time may be, for
example, the unit of Ts (=sampling frequency (fs)), the unit
of sub-symbol, the unit of symbol, the unit of slot, the unit
of subframe, or the unit of TTI.

[0624] The UE 1 is connected to the gNB through the Uu
interface. The UE 1 receives a signal from the gNB, and
synchronizes the timing of its own UE with the DL frame
timing of the gNB. As described above, the UE 1 adjusts the
UL frame timing of the base station in consideration of the
radio propagation delay to adjust the transmission timing of
its own UL signal. The same applies to the UE 2. When the
radio propagation range from the gNB to the UE 1 differs
from that from the gNB to the UE 2, the transmission
timings of the UL signals from the UE 1 and the UE 2 differ.
[0625] A case where the UE 1 performs the S commu-
nication with the UE 2, the UE 1 is UE_tx, and the UE 2 is
UE_rx is exemplified. The UE 1 transmits the SL signal with
reference to the DL frame timing received from the gNB.
The UE 1 performs the SL transmission with the UL frame
timing calculated from a predetermined slot format of the
DL, the GAP, and the UL with reference to the DL frame
timing received from the gNB.

[0626] The peer UE 2 in the SL communication receives
the SL transmission signal from the UE 1, and synchronizes
the timing of its own UE with the frame timing of the UE 1.
The UEs 1 and 2 perform the SL. communication with this
timing.

[0627] Even when the radio propagation range from the
gNB to the UE 1 differs from that from the gNB to the UE
2, this method can remove the timing offset in transmission/
reception between the UEs that perform the SI. communi-
cation. Accordingly, deterioration of communication quality
or interruption of communication between the UEs can be
reduced.

[0628] Another method is disclosed. UE_tx receives a
signal from the gNB, and synchronizes the timing of its own
UE with the DL frame timing of the gNB. As described
above, UE_tx adjusts the UL frame timing of the base station
in consideration of the radio propagation delay to adjust the
transmission timing of its own UL signal. UE_tx transmits
the SL signal with reference to the transmission timing of the
UL signal to the gNB. The SL transmission timing in UE_tx
is based on the UL frame timing to the gNB.

[0629] FIG. 35 illustrates the transmission timings of the
UEs that perform the SI. communication according to the
fifth embodiment. The UE 1 is connected to the gNB through
the Uu interface. The UE 1 receives a signal from the gNB,
and synchronizes the timing of its own UE with the DL
frame timing of the gNB. As described above, the UE 1
adjusts the UL frame timing of the base station in consid-
eration of the radio propagation delay to adjust the trans-
mission timing of its own UL signal. The same applies to the
UE 2. When the radio propagation range from the gNB to the
UE 1 differs from that from the gNB to the UE 2, the
transmission timings of the UL signals from the UE 1 and
the UE 2 differ.

[0630] A case where the UE 1 performs the SL. commu-
nication with the UE 2, the UE 1 is UE_tx, and the UE 2 is
UE_rx is exemplified. The UE 1 receives a signal from the
gNB, and synchronizes the timing of its own UE with the DL
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frame timing of the gNB. As described above, the UE 1
adjusts the UL frame timing of the base station in consid-
eration of the radio propagation delay to adjust the trans-
mission timing of its own UL signal. The UE 1 transmits the
SL signal with reference to the transmission timing of the
UL signal to the gNB. The SL transmission timing in the UE
1 is based on the UL frame timing to the gNB.

[0631] The peer UE 2 in the SL. communication receives
the SL transmission signal from the UE 1, and synchronizes
the timing of its own UE with the frame timing of the UE 1.
The UEs 1 and 2 perform the SL communication with this
timing.

[0632] The SL transmission timing may be configured
using, in combination, a method based on the DL frame
timing received by UE_tx from the gNB and a method based
on the UL frame timing to the gNB. For example, the timing
of the leading edge of a frame is based on the UL frame
timing to the gNB, and the timing of the trailing edge of the
frame is based on the DL frame timing received from the
gNB, as the frame timings in the SL. communication. This
can increase the communication duration between the UEs
configured in one frame of the SL.

[0633] Even when the radio propagation range from the
gNB to the UE 1 differs from that from the gNB to the UE
2, this method can remove the timing offset in transmission/
reception between the UEs that perform the SI. communi-
cation. Accordingly, deterioration of communication quality
or interruption of communication between the UEs can be
reduced.

[0634] When the UE is outside the coverage of a cell
configured by the gNB, the UE cannot receive a signal from
the gNB, or synchronize with the DL frame timing of the
gNB. In such a case, the UE synchronizes with another
nearby UE by receiving the SL.SS and the PSBCH from the
other UE. Here, the UE should use not the DL frame timing
of the gNB but the reception timing from the other UE with
which the UE synchronizes, as the reference timing of the
SL communication.

[0635] The disclosed methods should be applied to a
method for performing the SL. communication with refer-
ence to the reception timing from the other UE with which
the UE synchronizes. When the disclosed second method is
applied, the UE should calculate a transmission timing in
consideration of the radio propagation delay from another
UE with which the UE synchronizes, with reference to the
reception timing from the other UE, and transmit the SL
signal with reference to the transmission timing. A method
to be described later should be applied to a method for
calculating the transmission timing in consideration of the
radio propagation delay between the UEs in the SL. com-
munication.

[0636] Even when the UE is outside the coverage config-
ured by the gNB, this method can remove the timing offset
in transmission/reception between the UEs that perform the
SL. communication. Accordingly, deterioration of commu-
nication quality or interruption of communication between
the UEs can be reduced.

[0637] When the bidirectional communication is per-
formed between the UEs in the SL communication, the radio
propagation range between the UEs causes the radio propa-
gation delay. Thus, even when the frame timing of the SL
communication is determined in the aforementioned
method, UE_tx has problems of failing to identify the
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reception timing of the feedback signal transmitted from
UE_rx and receive the feedback signal. A method for solving
such problems is disclosed.

[0638] A gap is provided in a slot to be used for the SL.
communication. For example, a gap is inserted between
resources to be used for transmission from UE_tx to UE_rx
and resources to be used for transmission from UE_rx to
UE_tx. UE_tx may configure a gap for UE_rx by schedul-
ing. For example, UE_tx may notify the configuration of the
gap via the RRC signaling or the MAC signaling in the SL.
communication between the UEs. Alternatively, UE_tx may
include the configuration of the gap in the SCI, and transmit
the configuration in the PSCCH. Alternatively, UE_tx may
transmit the configuration of the gap in the PSSCH to be
transmitted from UE_tx to UE_rx. Consequently, the UEs
that perform the SI. communication can configure the gap.

[0639] FIG. 36 illustrates the slots for the SL. communi-
cation according to the fifth embodiment. The slots for the
SL communication include gaps. The slots in the SL com-
munication include resources from UE_tx to UE_rx, the
gaps, and/or resources from UE_rx to UE_tx. UE_tx per-
forms transmission to UE_rx with the resources from UE_tx
to UE_rx. UE_tx does not perform transmission in a section
of GAP. UE_tx performs reception from UE_rx with the
resources from UE_rx to UE_tx.

[0640] UE_rx performs reception from UE_tx with the
resources from UE_tx to UE_rx. Here, the radio propagation
delay occurs. UE_rx performs transmission to UE_tx, using
the resources from UE_rx to UE_tx with the feedback
timing corrected. The feedback timing is corrected so that
UE_tx can perform reception from UE_rx with the resources
from UE_rx to UE_tx. A method to be described later should
be applied to a method for correcting the feedback timing.

[0641] UE_tx may configure, for UE_rx, the resources
from UE_tx to UE_rx and/or the resources from UE_rx to
UE_tx by scheduling. The configuration of the resources
may be combined with the configuration of the gaps. These
configurations may be made as the slot format in the SL. The
number of slot formats is not limited to one but may be two
or more. A plurality of slot formats may be combined. The
aforementioned methods should be applied to a method for
notifying the configuration of the slot format between the
UEs.

[0642] These configurations may be made dedicatedly for
each UE. This is effective, for example, in the unicast
communication. Alternatively, these configurations may be
made for each UE group. This is effective, for example, in
the groupcast communication.

[0643] Each duration of the gap, the resources from UE_tx
to UE_rx, and the resources from UE_rx to UE_tx may
consist of, for example, one or more subframes, one or more
slots, one or more symbols, one or more Ts periods, or a
combination of some of these. The unit of time may be, for
example, the unit of Ts (=sampling frequency (fs)), the unit
of sub-symbol, the unit of symbol, the unit of slot, the unit
of subframe, or the unit of TTI.

[0644] The gaps, the resources from UE_tx to UE_rx, and
the resources from UE_rx to UE_tx cam be flexibly config-
ured according to an SI. communication state, for example,
the communication capacity from UE_tx to UE_rx, the
communication capacity to be fed back from UE_rx to
UE_tx, a distance between UE_tx and UE_rx, or the number
of UE_rxs that perform the SL. communication with UE_tx.
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[0645] The configurable resources may be appropriately
allocated as the gaps, the resources from UE_tx to UE_rx,
and the resources from UE_rx to UE_tx in the slot format in
the SL. Such resources may be referred to as the configur-
able resources.

[0646] The slot format may be configured a plurality of
times. For example, UE_tx configures the slot format for
UE_rx separately twice. In the first notification of the slot
format configuration, UE_tx notifies UE_rx of the gaps, the
resources from UE_tx to UE_rx, the resources from UE_rx
to UE_tx, and the slot format configuration using the con-
figurable resources. In the second notification of the slot
format configuration, UE_tx may change a part or the
entirety of the configurable resources for UE_rx. For
example, UE_tx may change the configurable resources into
the gaps, the resources from UE_tx to UE_rx, or the
resources from UE_rx to UE_tx.

[0647] When the slot format is configured a plurality of
times, methods for notifying the configurations may vary.
For example, the first notification is given via the RRC
signaling in the SI. communication, and the second and
subsequent notifications are given in the PSCCH.

[0648] This can increase or decrease the amount of the
gaps, the resources from UE_tx to UE_rx, or the resources
from UE_rx to UE_tx, according to an S, communication
state. The communication optimal for the SL. communica-
tion state becomes possible.

[0649] As described above, when the bidirectional com-
munication is performed between the UEs in the SL. com-
munication, the feedback timing should be corrected. The
method disclosed in the fourth embodiment should be appro-
priately applied to a method for correcting the feedback
timing. FIG. 37 illustrates an example sequence of the
method for correcting the feedback timing with application
of the method disclosed in the fourth embodiment. FIG. 37
illustrates a case where the UEs 1 and 2 perform the SL
communication.

[0650] In Step ST4901, the UE 1 (UE_tx) selects one or
more timing-correction-signal structures, and determines the
selected structures as timing-correction-signal structure can-
didates. In Step ST4902, the UE 1 transmits the timing-
correction-signal structure candidate configuration to the UE
2 (UE_rx). Information on the timing-correction-signal
structure candidate configuration should be information on
the timing-correction-signal structure candidates. The UE 1
may notify the information via the PCS5 signaling in the SL
communication. Alternatively, the UE 1 may give the noti-
fication via the MAC signaling. Alternatively, the UE 1 may
include the information in the MIB for the SL communica-
tion, and transmit the information in the PSBCH. Alterna-
tively, the UE 1 may include the information in the SCI, and
transmit the information in the PSCCH. Alternatively, the
UE 1 may transmit the information in the PSSCH. The UE
1 may notify the resource allocation information of the
PSSCH in the PSCCH.

[0651] The UE 1 should give the notification using the
broadcast communication. Consequently, the UE 1 can
transmit the timing correction signal structure to the peer UE
while the unicast communication between the UEs 1 and 2
has not yet been configured. Consequently, the UE 2 can
receive the timing correction signal structure transmitted
from the UE 1.

[0652] In Step ST4903, data for the unicast communica-
tion is generated in the UE 1. In Step ST4904, the UE 1
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notifies the UE 2 of a request for transmitting the timing
correction signal. Information to be included in the request
should be, for example, the transmission timing information,
the transmission instructing information, or an identifier of
the UE 2 (an identifier of the peer UE with which the unicast
communication is performed (DST ID)). The UE 1 may
transmit the notification in the PSCCH or the PSSCH.
Consequently, the UE 2 receives the request for transmitting
the timing correction signal.

[0653] The UE 1 may notify the RRC Connection Request
as the request for transmitting the timing correction signal.
The UE 1 may include the request for transmitting the timing
correction signal in the RRC Connection Request and notify
the request. The UE 1 may include the request for transmit-
ting the timing correction signal in the first signal or message
to be notified when starting the unicast communication, and
notify the UE 2 of the request. This enables correction of the
feedback timing before the unicast communication is
started.

[0654] Upon receipt of the request for transmitting the
timing correction signal from the UE 1, the UE 2 selects, in
Step ST4905, a timing-correction-signal structure from
among the timing-correction-signal structure candidates
received from the UE 1 in Step ST4902. In Step ST4906, the
UE 2 transmits the timing correction signal to the UE 1 using
the selected timing-correction-signal structure. Upon receipt
of the timing correction signal from the UE 2, the UE 1
calculates the RTT of the UE 2 in Step ST4907. Further-
more, the UE 1 calculates the feedback timing correction
value of the UE 2 from the RTT.

[0655] The feedback timing correction value should be a
value including the radio propagation delay from the UE 1
to the UE 2 and the radio propagation delay from the UE 2
to the UE 1. Thus, the feedback timing correction value
should be the RTT. In Step ST4908, the UE 1 transmits the
feedback timing correction information of the UE 2 to the
UE 2. The UE 1 may transmit a request for correcting the
feedback timing to the UE 2. The UE 1 may include the
feedback correction request information of the UE 2 in the
request for correcting the feedback timing and notify the
information. For example, the UE 1 may transmit the
feedback timing correction information in the PSCCH.

[0656] In Step ST4909, the UE 2 corrects the feedback
timing using the feedback timing correction information.
For example, as illustrated in FIG. 36, the UE 2 uses the
timing obtained by subtracting the feedback timing correc-
tion value from the transmission timing calculated with
reference to the timing of the signal received from the UE 1,
as the actual transmission timing. This corrects the radio
propagation delay time between the UEs 1 and 2. In Step
ST4910, the UE 2 performs the feedback transmission with
the corrected transmission timing. The UE 2 may perform
the feedback transmission, for example, in the PSFCH.

[0657] Consequently, even when the bidirectional com-
munication is supported in the SL. communication, the UEs
that perform the SL. communication can perform the feed-
back transmission without any timing offset in transmission/
reception. The collision between the transmission timing
and the reception timing in the UEs that perform the SL
communication can be reduced. Even when the radio propa-
gation range from the gNB to each UE is different in the SL.
communication, the timing offset in transmission/reception
between the UEs that perform the SL. communication can be
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reduced. Accordingly, deterioration of communication qual-
ity or interruption of communication between the UEs can
be reduced.

The Sixth Embodiment

[0658] A method on the HO processes during the SL
communication in conventional LTE is described. The eNB
notifies, with an HO command, the UE of a reception
resource pool (RX RP) and an exceptional resource pool
(exceptional RP) in the target cell (T-cell). The UE that
performs transmission (transmission UE) in the SL. commu-
nication performs transmission using the exceptional RP
during the HO. When the HO is completed, the transmission
UE obtains a transmission resource pool (ITX RP) in the
target cell, and performs transmission using the transmission
RP. The UE that performs reception (reception UE) in the SL.
communication searches for the reception RP notified with
the HO command during the HO, and receives data from the
transmission UE. When the HO is completed, the reception
UE obtains the reception resource pool (RX RP) in the target
cell, searches for the reception RP, and receives data from
the transmission UE.

[0659] FIG. 38 is a conceptual diagram illustrating states
where the UEs that perform the SI. communication move
between two cells. The UE 1 and the UE 2 perform the SL,
communication. In a state to the left of FIG. 38, the UE 1 and
the UE 2 are in the S-cell. Suppose that the UEs move as
illustrated in the middle of FIG. 38. Here, the UE 2 performs
the HO from the S-cell to the T-cell, and the UE 1 is in the
S-cell. Then, suppose that the UEs move as illustrated to the
right of FIG. 38. Here, the UE 1 performs the HO from the
S-cell to the T-cell, and the UE 2 is in the T-cell.

[0660] FIGS. 39 to 41 illustrate an example sequence of
the HO during the SL. communication. FIGS. 39 to 41 are
connected across locations of borders BL.3940 and BL.4041.
FIGS. 39 to 41 illustrate the sequence for performing the HO
between the S-cell and the T-cell, using the method on the
HO processes during the conventional SI, communication.
The UE 1 and the UE 2 perform the SL. communication. The
sequence in FIGS. 39 to 41 corresponds to the movement
between the cells illustrated in FIG. 38. In Step ST5101, the
UE 1 and the UE 2 perform the SL unicast communication.
First, the UE 2 performs the HO to the T-cell. In Step
ST5102, the UE 2 receives the HO command from the
S-cell. The UE 2 receives, with the HO command, the
reception RP information and the exceptional RP informa-
tion in the target cell (T-cell).

[0661] The UE 2 detaches from the S-cell according to the
HO command in Step ST5103, and performs the synchro-
nization processes with the T-cell in Step ST5104. The UE
2 terminates the SL unicast communication in Step ST5105.
In Step ST5106, the UE 2 searches for the SL transmission
from the UE 1, using the reception RP received with the HO
command. Upon receipt of the SL transmission from the UE
1, the UE 2 performs the SL unicast communication with the
UE 1 again in Step ST5107.

[0662] The UE 2 completes the HO processes with the
T-cell in Step ST5108. The UE 2 that has completed the HO
to the T-cell receives the reception RP from the T-cell in Step
ST5109. Upon receipt of the reception RP from the T-cell,
the UE 2 terminates the SL unicast communication in Step
ST5110. In Step ST5111, the UE 2 searches for the SL
transmission from the UE 1, using the reception RP received
from the T-cell. Upon receipt of the SL transmission from
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the UE 1, the UE 2 performs the SL unicast communication
with the UE 1 again in Step ST5112.

[0663] Next, the UE 1 performs the HO to the T-cell. In
Step ST5113, the UE 1 receives the HO command from the
S-cell. The UE 1 receives, with the HO command, the
reception RP information and the exceptional RP informa-
tion in the target cell (T-cell).

[0664] The UE 1 detaches from the S-cell according to the
HO command in Step ST5114, and performs the synchro-
nization processes with the T-cell in Step ST5115. The UE
1 terminates the SL unicast communication in Step ST5116.
The UE 1 selects the resources for the SL transmission from
the exceptional RP received with the HO command, and
performs the SL transmission.

[0665] The termination of the SL unicast communication
in the UE 1 in Step ST5116 causes the UE 2 to terminate the
SL unicast communication. Thus, the UE 2 searches for the
SL transmission of the UE 1 again using the reception RP in
Step ST5118. Upon receipt of the SL transmission from the
UE 1, the UE 2 performs the SL unicast communication with
the UE 1 again in Step ST5119.

[0666] The UE 1 completes the HO processes with the
T-cell in Step ST5120. The UE 1 that has completed the HO
to the T-cell receives the transmission RP from the T-cell in
Step ST5121. Upon receipt of the transmission RP from the
T-cell, the UE 1 performs the processes of searching for and
selecting the resources for the SL transmission using the
transmission RP in Step ST5122. The UE 1 reserves the
resources for the SL transmission in Step ST5123. Since the
UE 1 changes the resources for the SL transmission, the UE
1 terminates the ongoing SL unicast communication in Step
ST5124. The UE 1 starts the SL transmission with the
resources for the SL transmission reserved in Step ST5123.
[0667] The termination of the SL unicast communication
in the UE 1 in Step ST5124 causes the UE 2 to terminate the
SL unicast communication. Thus, the UE 2 searches for the
SL transmission of the UE 1 again using the reception RP in
Step ST5126. Upon receipt of the SL transmission from the
UE 1, the UE 2 performs the SL unicast communication with
the UE 1 again in Step ST5127.

[0668] When the UE during the SL. communication per-
forms the HO using the conventional method on the HO
processes during the SL communication, the UE changes the
resource pool as described above. Thus, problems of a break
in the SL. communication and frequent interruption of the
service using the SL. communication occur. The sixth
embodiment discloses a method for solving such problems.
[0669] The UEs that perform the SL communication
mutually notify allocation of the resources for the SL
communication during the HO of the UEs. The resources for
the SI. communication may be the resources for the SL
transmission from UE_tx to UE_rx or the resources for the
SL transmission from UE_rx to UE_tx. UE_tx in the SL
communication notifies UE_rx of allocation of the resources
for the SL. communication during the HO. UE_tx may also
notify the RP information for the SI. communication during
the HO.

[0670] UE_tx may give the notification through the RRC
connection in the unicast communication. UE_tx may give
the notification using the PSCCH in the unicast communi-
cation. Alternatively, UE_tx may give the notification via the
MAC signaling or the RRC signaling.

[0671] UE_rx in the SL communication receives the trans-
mission from UE_tx, using the resource allocation informa-
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tion for the SI. communication during the HO which has
been received from UE_tx. This can reduce the interruption
of'the SL. communication due to change in the RP during the
HO.

[0672] UE_rx may request UE_tx to change the allocation
of resources. UE_rx may notify UE_tx of a request for
changing the allocation of resources. UE_rx may provide
cause information for requesting change in the allocation of
resources, and include the information in the request for
changing the allocation of resources. Examples of the cause
information include information indicating a request for
changing the allocation of resources for the HO processes
and information indicating a request for changing the allo-
cation of resources due to deterioration of communication
quality. This enables UE_tx to change the allocation of
resources according to a state of UE_rx.

[0673] UE_rx may notify UE_tx that its own UE has
started the HO. The notification may include information
indicating to which cell its own UE has started the HO. The
notification may include an identifier of the cell. UE_rx may
notify UE_tx of the RP information to be used for changing
the allocation of resources. For example, the notification
indicating that UE_rx has started the HO may include the
exceptional RP information of the T-cell which has been
received with the HO command. UE_tx may select the
resources for the SL communication from the RP notified
from UE_rx, and allocate the resources to UE_rx. UE_tx
notifies UE_rx of the allocation of resources.

[0674] Consequently, UE_tx can recognize that UE_rx has
started the HO processes, and determine using which RP the
resources for the SL. communication during the HO are
reserved.

[0675] UE_rx may notify UE_tx that its own UE has
completed the HO. The notification may include information
indicating to which cell its own UE has completed the HO.
The notification may include an identifier of the cell. UE_rx
may notify UE_tx of the RP information to be used for
changing the allocation of resources. For example, the
notification indicating that UE_rx has completed the HO
may include the transmission RP information of the T-cell.
UE_tx may select the resources for the SI. communication
from the RP notified from UE_rx, and allocate the resources
to UE rx. UE_tx notifies UE_rx of the allocation of
resources.

[0676] Consequently, UE_tx can recognize that UE_rx has
completed the HO processes, and determine using which RP
the resources for the SI. communication during the HO are
reserved.

[0677] What is previously disclosed is that UE_rx notifies
UE_tx that its own UE has started and/or has completed the
HO. Conversely, UE_tx may notify UE_rx that its own UE
has started and/or has completed the HO. Information on the
resource pool to be notified from UE_tx to UE_rx may be
the reception RP information. This is effective when UE_tx
performs the HO earlier.

[0678] FIGS. 42 and 43 illustrate the first example
sequence of the HO during the SL. communication according
to the sixth embodiment. FIGS. 42 and 43 are connected
across a location of a border BLL4243. In FIGS. 42 and 43,
the same step numbers are applied to the steps common to
those in FIGS. 39 to 41, and the common description thereof
is omitted. First, the UE 2 performs the HO to the T-cell. In
Step ST5102, the UE 2 receives the HO command from the
S-cell. The UE 2 receives, with the HO command, the
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reception RP information and the exceptional RP informa-
tion in the target cell (T-cell).

[0679] In Step ST5201, the UE 2 may notify the UE 1 of
a request for changing the allocation of resources. The UE
2 may include, in the request, the exceptional RP informa-
tion of the T-cell which has been received with the HO
command, and notify the information. Upon receipt of the
HO command, the UE 2 performs the HO to the T-cell. In
Step ST5202, the UE 1 selects the resources for the SL
communication from the exceptional RP of the T-cell, and
allocates the resources to the UE 2.

[0680] In Step ST5203, the UE 1 notifies the UE 2 to
change the allocation of resources. Information to be
included in change in the allocation of resources is, for
example, resource allocation information or resource allo-
cation change instructing information. Upon receipt of the
change, the UE 2 may notify the UE 1 of a response to the
change in the allocation of resources in Step ST5204.
Consequently, the UE 1 can recognize that the UE 2 changes
the allocation of resources.

[0681] The UE 1 changes the allocation of resources, and
transmits data for the SL unicast communication to the UE
2. In Step ST5205, the UE 2 changes the allocation of
resources to the allocation of resources that has been notified
from the UE 1, and receives the transmission from the UE
1. Consequently, the SL unicast communication between the
UEs 1 and 2 can be continued during the HO of'the UE 2 and
after the completion of the HO.

[0682] Next, the UE 1 performs the HO to the T-cell. In
Step ST5113, the UE 1 receives the HO command from the
S-cell. The UE 1 receives, with the HO command, the
reception RP information and the exceptional RP informa-
tion in the target cell (T-cell). Upon receipt of the HO
command, the UE 1 performs the HO to the T-cell. The UE
1 allocates the resources using the exceptional RP of the
T-cell even during the HO, and continues the SL. unicast
communication with the UE 2.

[0683] The UE 1 completes the HO processes to the T-cell
in Step ST5120. The UE 1 that has completed the HO to the
T-cell receives the transmission RP from the T-cell in Step
ST5121. Upon receipt of the transmission RP from the
T-cell, the UE 1 performs the processes of searching for and
selecting the resources for the SL transmission using the
transmission RP in Step ST5122. The UE 1 reserves the
resources for the SL transmission in Step ST5123.

[0684] In Step ST5207, the UE 1 allocates the resources
for the SL unicast communication with the UE 2, using the
reserved resources for the SL transmission. In Step ST5208,
the UE 1 notifies the UE 2 to change the allocation of
resources. Information to be included in change in the
allocation of resources is, for example, the resource alloca-
tion information or the resource allocation change instruct-
ing information. Upon receipt of the change, the UE 2 may
notify the UE 1 of a response to the change in the allocation
of resources in Step ST5209. Consequently, the UE 1 can
recognize that the UE 2 changes the allocation of resources.
[0685] The UE 1 changes the allocation of resources, and
transmits data for the SL unicast communication to the UE
2. In Step ST5210, the UE 2 changes the allocation of
resources to the allocation of resources that has been notified
from the UE 1, and receives the transmission from the UE
1. Consequently, the SL unicast communication between the
UEs 1 and 2 can be continued during the HO of'the UE 1 and
after the completion of the HO.
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[0686] This can prevent the break in the SL communica-
tion and reduce the interruption of the service using the SL
communication, even when the UE during the SL. commu-
nication performs the HO.

[0687] FIGS. 44 and 45 illustrate the second example
sequence of the HO during the SL. communication according
to the sixth embodiment. FIGS. 44 and 45 are connected
across a location of a border BL4445. FIGS. 44 and 45
illustrate a case where the UE 1 performs the HO earlier. In
FIGS. 44 and 45, the same step numbers are applied to the
steps common to those in FIGS. 39 to 41 and FIGS. 42 and
43, and the common description thereof is omitted. First, the
UE 1 performs the HO to the T-cell. In Step ST5301, the UE
1 receives the HO command from the S-cell. The UE 1
receives, with the HO command, the reception RP informa-
tion and the exceptional RP information in the target cell
(T-cell).

[0688] The UE 1 detaches from the S-cell according to the
HO command in Step ST5302, and performs the synchro-
nization processes with the T-cell in Step ST5303. In Step
ST5202, the UE 1 selects the resources for the S commu-
nication from the exceptional RP of the T-cell, and allocates
the resources to the UE 2.

[0689] In Step ST5203, the UE 1 notifies the UE 2 to
change the allocation of resources. Information to be
included in change in the allocation of resources is, for
example, the resource allocation information or the resource
allocation change instructing information. Upon receipt of
the change, the UE 2 may notify the UE 1 of a response to
the change in the allocation of resources in Step ST5204.
Consequently, the UE 1 can recognize that the UE 2 changes
the allocation of resources.

[0690] The UE 1 changes the allocation of resources, and
transmits data for the SL unicast communication to the UE
2. In Step ST5205, the UE 2 changes the allocation of
resources to the allocation of resources that has been notified
from the UE 1, and receives the transmission from the UE
1. Consequently, the SL unicast communication between the
UEs 1 and 2 can be continued during the HO of'the UE 1 and
after the completion of the HO.

[0691] The UE 1 completes the HO processes to the T-cell
in Step ST5304. The UE 1 that has completed the HO to the
T-cell receives the transmission RP from the T-cell in Step
ST5305. Upon receipt of the transmission RP from the
T-cell, the UE 1 may perform the processes of searching for
and selecting the resources for the SL transmission and
reserve the resources for the UE 2, using the transmission
RP.

[0692] When the UE 1 recognizes that the UE 2 has not
started the HO to the T-cell yet or the UE 2 is not in the
T-cell, the UE 1 need not perforin the processes of searching
for and selecting the resources for the SL transmission and
reserve the resources for the UE 2, using the transmission
RP received from the T-cell. For example, the UE 2 may
notify the UE 1 that its own UE has started and/or has
completed the HO. This notification enables the UE 1 to
recognize that the UE 2 has started or has completed the HO.
[0693] When the UE 1 is in the T-cell and the UE 2 is not
in the T-cell yet, the use of the exceptional RP notified from
the T-cell can reduce the interference to another cell.
[0694] Next, the UE 2 performs the HO to the T-cell. In
Step ST5306, the UE 2 receives the HO command from the
S-cell. The UE 2 receives, with the HO command, the
reception RP information and the exceptional RP informa-
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tion in the target cell (T-cell). Upon receipt of the HO
command, the UE 2 performs the HO to the T-cell. In Step
ST5307, the UE 2 notifies the UE 1 of start of the HO. The
UE 2 may include, in the notification of the start of the HO,
an identifier of the T-cell that is a HO-target cell and the
exceptional RP received with the HO command, and trans-
mit the notification of the start of the HO. The UE 1 can
recognize the cell from which the UE 2 has started the HO,
and the exceptional RP. Consequently, the UE 1 can select
the RP for the UE 2.

[0695] Since the UE 1 recognizes that the UE 2 starts the
HO processes, the UE 1 determines to allocate the resources
using the exceptional RP even during the HO, and continues
the SL unicast communication with the UE 2.

[0696] The UE 2 detaches from the S-cell according to the
HO command in Step ST5308, performs the synchronization
processes with the T-cell in Step ST5309, and completes the
HO processes to the T-cell in Step ST5310. The UE 2 that
has completed the HO processes transmits the notification of
completion of the HO to the UE in Step ST5311. The UE 2
may include, in the notification of completion of the HO, the
identifier of the T-cell that is a HO-target cell, and transmit
the notification of completion of the HO. The UE 1 can
recognize to which cell the UE 2 has completed the HO.
[0697] InStep ST5312, the UE 2 receives the reception RP
in the T-cell. Here, the UE 2 need not search for the reception
RP. Upon receipt of the notification of completion of the HO
from the UE 2 in Step ST5311, the UE 1 recognizes that the
UE 2 has completed the HO to the T-cell. In Step ST5122,
the UE 1 performs the processes of searching for and
selecting the resources for the SL transmission using the
transmission RP of the T-cell. The UE 1 reserves the
resources for the SL transmission in Step ST5123.

[0698] In Step ST5207, the UE 1 allocates the resources
for the SL unicast communication with the UE 2, using the
reserved resources for the SL transmission. In Step ST5208,
the UE 1 notifies the UE 2 to change the allocation of
resources. Information to be included in change in the
allocation of resources is, for example, the resource alloca-
tion information or the resource allocation change instruct-
ing information. Upon receipt of the change, the UE 2 may
notify the UE 1 of a response to the change in the allocation
of resources in Step ST5209. Consequently, the UE 1 can
recognize that the UE 2 changes the allocation of resources.
[0699] The UE 1 changes the allocation of resources, and
transmits data for the SL unicast communication to the UE
2. In Step ST5210, the UE 2 changes the allocation of
resources to the allocation of resources that has been notified
from the UE 1, and receives the transmission from the UE
1. Consequently, the SL unicast communication between the
UEs 1 and 2 can be continued during the HO of'the UE 2 and
after the completion of the HO.

[0700] The method disclosed in the sixth embodiment can
prevent the break in the SL. communication and reduce the
interruption of the service using the SL. communication,
even when the UE during the SL. communication performs
the HO.

[0701] The gNB may schedule the resources to be used for
the SL communication between the UEs. In such a case, the
T-cell may notify the S-eell of the allocation of resources to
be used for the SL communication. The S-cell notifies the
UE that performs the HO of the resource allocation infor-
mation in the T-cell. The S-cell may give the notification
using the HO command. For example, when the UE 2
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performs the HO, the UE 2 that has received the resource
allocation information of the T-cell from the S-cell with the
HO command notifies the UE 1 of a request for changing the
allocation of resources. The notification should include the
resource allocation information.

[0702] Upon receipt of the resource allocation informa-
tion, the UE 1 performs the SI. communication with the UE
2 using the resource allocation information. The UE 1 may
transmit, to the UE 2, a notification for changing the
allocation of resources including the resource allocation
information. This enables earlier application of the alloca-
tion of resources scheduled by the gNB for the UE 2 to the
SL communication.

[0703] For example, when the UE 1 performs the HO, the
UE 1 that has received the resource allocation information of
the T-cell from the S-cell with the HO command transmits,
to the UE 2, the notification for changing the allocation of
resources. The notification should include the resource allo-
cation information. This enables the UE 1 to apply the
allocation of resources scheduled by the gNB to the SL
communication earlier.

[0704] The HO processes when the groupcast communi-
cation is performed in the SL are disclosed. The HO pro-
cesses disclosed in the sixth embodiment should be applied
between the head UE and the member UE that perform the
groupcast communication. The head UE should correspond
to the UE 1, and the member UE should correspond to the
UE 2. The same applies to the presence of a plurality of
member UEs. The head UE and the member UEs should
perform the HO processes. The HO processes should be the
ones disclosed in the sixth embodiment. This can reduce the
interruption of the service using the SL. communication in
the HO during the groupcast communication in the SL.
[0705] The resource pool to be applied to the HO pro-
cesses in the SL. communication may be a resource pool that
can be used by a plurality of cells or a plurality of base
stations. The resource pool may be, for example, a resource
pool that can be used in a RAN Notification Area (RNA).
The movement within the RNA does not require change in
the resource pool. This can reduce change in the allocation
of resources due to change in the resource pool.

[0706] The resource pool may be statically determined, for
example, in a standard or notified from the gNB to the UE
using the SL. The resource pool may be included in the
broadcast information to be broadcast, or notified via the
RRC signaling or the MAC signaling. Alternatively, the
resource pool may be included in 1.1/1.2 control information
to be notified. Furthermore, the S-cell may notify the UE of
the resource pool in the HO processes. Alternatively, the
T-cell may notify the UE of the resource pool through the
S-cell. This enables the UE to allocate the resources from the
resource pool.

The Seventh Embodiment

[0707] The SL communication using two RATs (LTE and
NR) has been studied in 3GPP. Furthermore, support of the
V2X service using these two RATs (LTE RAT and/or NR
RAT) has been proposed. A method for selecting the RAT by
the upper layer and a method for selecting the RAT by the
AS layers are disclosed as two methods for selecting the
RAT (Non-Patent Document 32 (R2-1818221)).

[0708] What is disclosed is that protocol stacks of each of
the RATs for the UE in the SL communication include the
PDCP, the RLC, the MAC, and the PHY (Non-Patent
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Document 1 (TS36.300V15.4.0) and Non-Patent Document
33 (TR38.885V1.0.0)). However, a structure of protocol
stacks when the two RATs are operated has not yet been
disclosed. Here, the structure of protocol stacks when the
two RATs are operated is disclosed.

[0709] FIG. 46 illustrates a protocol structure when the AS
layers select the RAT. An application layer and a V2X layer
are structured. The PDCP, the RLC, the MAC, and the PHY
in LTE and the PDCP, the RLC, the MAC, and the PHY in
NR are structured under the V2X layer. In a transmitter, data
output from the V2X layer is copied into two pieces of data
in the V2X layer. Then, the copied two pieces of data
separately enter the PDCP in LTE and the PDCP in NR. In
a receiver, data output from the PDCP in LTE and data
output from the PDCP in NR enter the application layer
through the V2X layer.

[0710] Information indicating using which RAT data is
transmitted (RAT information) is added to the data. The
application layer or the V2X layer may add the RAT
information. The application layer or the V2X layer should
select using which RAT data is transmitted, according to the
V2X service, and add the RAT information to the data. The
PDCP in LTE determines whether to transmit the entered
data using its own RAT (i.e., LTE), according to the RAT
information added to the data. When the RAT information
matches its own RAT, the PDCP in LTE determines to
transmit the data using its own RAT, and performs the SL
communication through the RLC, the MAC, and the PHY in
LTE. Similarly, the PDCP in NR determines whether to
transmit the entered data using its own RAT (i.e., NR),
according to the RAT information added to the data. When
the RAT information matches its own RAT, the PDCP in NR
determines to transmit the data using its own RAT, and
performs the SI. communication through the RLC, the
MAC, and the PHY in NR.

[0711] This enables the PDCP in each RAT to determine
whether to transmit data.

[0712] FIG. 47 illustrates a protocol structure when the
V2X layer selects the RAT. In a transmitter, the V2X layer
selects the RAT according to the RAT information, and
enters transmission data into the PDCP in the selected RAT.
In a receiver, data output from the PDCP in LTE and data
output from the PDCP in NR enter the application layer
through the V2X layer. The PDCP in LTE performs the SL
communication (transmission) of the entered data through
the RLC, the MAC, and the PHY in LTE. Similarly, the
PDCP in NR performs the SI. communication (transmission)
of'the entered data through the RL.C, the MAC, and the PHY
in NR.

[0713] This enables the V2X layer to determine using
which RAT data is transmitted.

[0714] According to the method disclosed in FIG. 46, once
the PDCPs in both of the RATs receive all pieces of data
from the V2X layer, the PDCPs determine whether to
transmit the pieces of data. This method increases loads of
the PDCPs in both of the RATs, and the power consumption.
In contrast, according to the method disclosed in FIG. 47,
the upper layer selects the RAT. Thus, the upper layer cannot
flexibly select and change the RAT according to a state in the
AS layers, for example, a radio communication quality or a
load state in each RAT. Here, a method for solving such
problems is disclosed.

[0715] The AS layers include a protocol stack for selecting
the RAT. The AS layers include a protocol stack for chang-
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ing the RAT. These protocol stacks may, for example, sit on
top of the PDCPs or between the PDCPs and the V2X layer.
[0716] When both of the RATs are supported, the PDCP in
each of the RATs adds the SN and the HFN. The PDCP in
LTE adds the SN and the HFN, and the PDCP in NR adds
the SN and the HFN. What is disclosed is that the PDCP in
LTE adds the SN and the HFN when the PDCP duplicates a
packet (PDCP duplication). When both of the RATs are
supported, the PDCPs should add the SNs and the HFNs,
irrespective of whether to duplicate a packet in the PDCPs.
[0717] FIG. 48 illustrates a protocol structure when the AS
layers include a protocol stack for selecting and/or changing
the RAT (may be referred to as RAT selection/RAT change).
FIG. 48 illustrates an example where the RAT selection/RAT
change protocol is provided between the PDCPs and the
V2X layer. The RAT selection/RAT change protocol deter-
mines using which RAT data entered from the V2X layer is
transmitted, according to the RAT information added to the
data.

[0718] Not only information indicating one RAT but also
information indicating a plurality of RATs may be provided
as the RAT information added to the data. The information
indicating a plurality of RATs should be information indi-
cating RATs allowing transmission of data. This is effective
when the number of the RATs allowing transmission of data
is not one but two or more. For example, when data of a
predetermined V2X service may be transmitted in both of
LTE and NR, the RAT information indicating I'TE and NR
should be used.

[0719] The RAT selection/RAT change protocol may
select and/or change the RAT. For example, when the RAT
information including the plurality of RATs is added to data,
the RAT selection/RAT change protocol may select and/or
change the RAT. The UE may notify the RAT selection/RAT
change protocol of a state in the AS layers. This enables the
UE to cause the RAT selection/RAT change protocol to
select or change the RAT according to the state in the AS
layers.

[0720] The AS layers select or change the RAT, so that the
state in the AS layers can be reflected on the SL communi-
cation earlier. This can improve the communication quality
of the SL. communication with low latency, and satisfy the
QoS required for the SI. communication.

[0721] In a transmitter, the RAT selection/RAT change
protocol that has determined using which RAT data is
transmitted enters data into the PDCP in the determined
RAT. The PDCP in LTE performs the SL. communication
(transmission) of the entered data through the RLC, the
MAC, and the PHY in LTE. Similarly, the PDCP in NR
performs the SI. communication (transmission) of the
entered data through the RL.C, the MAC, and the PHY in
NR.

[0722] In a receiver, data output from the PDCP in LTE
and data output from the PDCP in NR enter the RAT
selection/RAT change protocol. The RAT selection/RAT
change protocol sequentially enters data from the PDCP in
each of the RATs into the V2X layer. Consequently, the data
enters the application layer through the V2X layer.

[0723] This enables the AS layers to determine using
which RAT data is transmitted. Furthermore, the data enters
only the PDCP of the RAT allowing transmission of data.
Consequently, increase in the loads of the PDCPs in both of
the RATs and increase in the power consumption can be
reduced.
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[0724] When the RAT is changed, the UE that changes the
RAT (UE_tx) should notity the peer UE with which the SL.
communication is performed (UE_rx) of change in the RAT.
UE_rx can determine using which RAT data should be
received. When LTE is used, UE_tx should transmit the
change in the RAT via the SL signaling in LTE. When NR
is used, UE_tx should transmit the change in the RAT via the
SL signaling in NR. UE_tx may perform the transmission
via the PCS5 signaling, the RRC signaling, or the MAC
signaling as the SL signaling. Alternatively, UE_tx may
transmit the change in the RAT using the PSCCH, or the
PSCCH and the PSSCH.

[0725] UE_tx transmits, to UE_rx, the RAT change noti-
fication. The RAT change notification may include, for
example, RAT change instructing information, information
on the RAT after change, or resource information in the RAT
after change. The resource information may be, for example,
resource pool information or the resource allocation infor-
mation. This enables UE_rx to recognize change in the RAT
in UE_tx.

[0726] UE_rx may transmit a request for changing the
RAT to UE_tx. UE_rx may include, for example, RAT
change request information in the request for changing the
RAT. UE_rx may transmit, to UE_tx, information on a
communication state such as communication quality infor-
mation in the SL in the RAT prior to change, QoS parameter
measurement value information in the RAT prior to change,
or load state information in each RAT in UE_rx. UE_rx may
transmit, to UE_tx, information not limited to information in
the RAT prior to change but information in each RAT
supported by the UE. UE_rx may include the information on
a communication state in the request for changing the RAT
and transmit the information.

[0727] Consequently, UE_tx can make the determination
on change in the RAT, using the information received from
UE_rx. When UE_tx determines to change the RAT, UE_tx
and UE_rx may perform processes of releasing the SL
connection in the RAT prior to change. Furthermore, UE_tx
may perform the SL connection processes with UE_rx in the
RAT after change.

[0728] In UE_rx, both of the PDCP in the RAT prior to
change and the PDCP in the RAT after change transmit data
to the upper layer. The order of pieces of data is restored by
reordering the pieces of data using the SNs and the HFNss
added by the PDCPs in the respective RATs. However, data
may be undelivered when the RAT is changed. A failure in
transmission of the undelivered data in the RAT prior to
change causes data loss. Here, a method for solving such a
problem is disclosed.

[0729] UE_tx notifies the PDCP in the RAT prior to
change of an instruction for forwarding the undelivered data.
The undelivered data may be the entirety of data ranging
from the oldest undelivered data to the latest undelivered
data. The range may include delivered data. The PDCP in the
RAT prior to change adds the SN and the HFN. The PDCP
in the RAT prior to change may add an end marker indicating
the end of data, into the last undelivered data. Alternatively,
the PDCP in the RAT prior to change may insert the end
marker behind the last undelivered data.

[0730] The PDCP in the RAT prior to change forwards the
undelivered data in the RAT prior to change, to the PDCP in
the RAT after change. UE_tx transmits the undelivered data
in the RAT prior to change to UE_rx using the RAT after
change. UE_tx may provide information indicating the
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PDCP data in the RAT prior to change, and add the infor-
mation to the data to be forwarded. UE_tx determines
whether data is undelivered data in the RAT prior to change,
using the information indicating the PDCP data in the RAT
prior to change. When determining that data received in the
RAT after change is the undelivered data in the RAT prior to
change, UE_tx forwards the undelivered data in the RAT
prior to change, to the PDCP in the RAT prior to change.
This enables transmission and reception of the undelivered
data in the RAT prior to change, using the RAT after change.
[0731] FIG. 49 illustrates an example sequence for chang-
ing the RAT. FIG. 49 illustrates an example where the UE 1
(UE_tx) and the UE 2 (UE_rx) that perform the SL. com-
munication change the RAT from LTE to NR. In FIG. 49,
broken lines represent the control signaling, and solid lines
represent data. FIG. 49 illustrates processes of each UE in
the RRC, the RAT selection/RAT change protocol, the LTE
protocol, and the NR protocol. In FIG. 49, the RAT selec-
tion/RAT change is abbreviated as RAT selection/change.
[0732] In Step ST5701, the UE 1 that performs SL trans-
mission in LTE transmits the SL data in LTE from the RAT
selection/RAT change protocol to the PDCP in LTE. The
PDCP in LTE in the UE 1 adds the SN and the HFN to the
entered data, and performs encryption and a header com-
pression process on the data. In Step ST5702, the UE 1
transmits the data in LTE to the UE 2 through the LTE
protocol in the SL.

[0733] In Step ST5703, the UE 2 passes the data received
from the UE 1 through the LTE protocol. The PDCP in LTE
in the UE 2 performs decryption and the reordering process,
using the SN and the HFN. The UE 2 transmits the SL data
processed by the PDCP in LTE to the RAT selection/RAT
change protocol of the UE 2. The UE 2 transmits the SL data
entered in the RAT selection/RAT change protocol to the
V2X layer.

[0734] The RAT selection/RAT change protocol in the UE
1 changes the RAT. In Step ST5704, the RRC in the UE 1
transmits the RAT change notification to the UE 2. Here,
change from LTE to NR is described. The RRC in the UE 1
may transmit the RAT change notification through the
protocol of the LTE in the UE 1. The RAT change notifi-
cation may include the RAT change instructing information,
information on the RAT after change, and resource infor-
mation in the RAT after change. The RRC in the UE 2
receives the RAT change information from the UE 1. The
RRC in the UE 2 may receive the RAT change information
through the protocol of the LTE in the UE 2. Consequently,
the UE 2 can recognize change in the RAT.

[0735] The UE 2 may transmit, to the UE 1, a response to
the RAT change notification. The UE 2 may transmit, as the
response, acceptance or rejection. When the response is
rejection, the UE 2 may include reason information on the
rejection in the response, and notify the information.
Examples of the reason information on the rejection may
include overload and unsatisfactory communication quality.
The reception of the response from the UE 2 enables the UE
1 to determine whether to change the RAT for the UE 2.
[0736] The UE 1 terminates the SL transmission process in
LTE in Step ST5707, and starts the SL transmission process
in NR in Step ST5708. The RRC in the UE 1 may notify
each protocol in LTE of these processes. Each protocol in
LTE in the UE 1 terminates the SL. transmission process. The
UE 2 terminates the SL reception process in LTE in Step
ST5705, and starts the SL reception process in NR in Step
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ST5706. The RRC in the UE 1 may notify each protocol in
LTE of these processes. Each protocol in LTE in the UE 2
terminates the SL reception process.

[0737] In Step ST5709, the RRC in the UE 1 instructs the
protocol in LTE in the UE 1 to forward the SL. data
undelivered in LTE. The RRC in the UE 1 should instruct the
PDCP in LTE to forward the SL data. The RRC in the UE
1 instructs the PDCP in LTE to forward the undelivered SL
data to the PDCP in NR. The PDCP in LTE determines the
undelivered data including data being transmitted as the SL
data. The undelivered data should be data with a SN
indicating no reception of a notification of the reception
response from the UE 2. The PDCP in LTE may forward not
only undelivered data with the oldest (smallest) SN and data
with a SN newer (larger) than the oldest (smallest) SN, but
also delivered data.

[0738] The UE 1 that has changed the RAT from LTE to
NR transmits the SL data from the RAT selection/RAT
change protocol to the PDCP in NR in Step ST5710. The
PDCP in NR in the UE 1 adds the SN and the HFN to the
data entered into the PDCP, and performs the encryption and
the header compression process on the data. In Step ST5711,
the UE 1 transmits the SL data to the UE 2 through the NR
protocol in the SL.

[0739] In Step ST5712, the UE 2 passes the data received
from the UE 1 through the NR protocol. The PDCP in NR
in the UE 2 performs decryption and the reordering process,
using the SN and the HFN. The UE 2 transmits the SL data
processed by the PDCP in NR to the RAT selection/RAT
change protocol in the UE 2. The UE 2 transmits the SL data
entered in the RAT selection/RAT change protocol to the
V2X layer.

[0740] The PDCP in LTE in the UE 1 that has instructed
to forward the undelivered SL data to the PDCP in NR in the
UE 1 forwards the undelivered SL data to the PDCP in NR
in Step ST5713. The PDCP in NR of the UE 1 adds the SN
and the HFN to the data entered into the PDCP, and performs
the encryption and the header compression process on the
data. Furthermore, the PDCP in NR may add information
indicating that the data has been forwarded from the PDCP
in LTE. In Step ST5714, the UE 1 transmits the forwarded
undelivered data to the UE 2 through the NR protocol in the
SL. The UE 1 that has forwarded the undelivered data in
LTE to the PDCP in NR may discard the SL. data being
communicated in LTE. Since a wasteful transmission pro-
cess need not be continued, the power consumption can be
reduced.

[0741] The UE 2 passes the data received from the UE 1
through the NR protocol. The PDCP in NR in the UE 2
performs decryption and the reordering process, using the
SN and the HFN. Furthermore, the PDCP in NR in the UE
2 can determine whether data is forwarded data or using
which RAT the data has been forwarded, based on informa-
tion indicating that the data has been forwarded from the
PDCP in LTE. The PDCP in NR that has determined that the
data has been forwarded from the PDCP in LTE forwards the
undelivered data to the PDCP in LTE in Step ST5715.
[0742] The PDCP in LTE in the UE 2 performs decryption
and the reordering process, using the SN and the HFN added
by the PDCP in LTE in the UE 1. The UE 2 transmits the
undelivered data processed by the PDCP in LTE to the RAT
selection/RAT change protocol in Step ST5716.

[0743] When data is undelivered in changing the RAT or
the transmission timing or the reception timing of the SL
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data is shifted between times before and after changing the
RAT, the PDCPs in both of the RATs transmit the SL data.
This may cause a problem of failing to restore the order of
pieces of SL data, merely using the SNs added to the pieces
of SL. data. Here, a method for solving such a problem is
disclosed. The undelivered data processed by the PDCP in
LTE which is the RAT prior to change should be processed
in preference over the data processed by the PDCP in NR
which is the RAT after change.

[0744] The UE 2 that has been notified of change in the
RAT may hold, in a memory, the data processed by the
PDCP in NR until the PDCP in LTE processes the undeliv-
ered data in LTE and finishes transmitting the data to the
RAT selection/RAT change protocol. After the PDCP in LTE
processes the undelivered data in LTE and finishes trans-
mitting the data to the RAT selection/RAT change protocol,
the UE 2 should transmit the data processed by the PDCP in
NR to the RAT selection/RAT change protocol. The UE 2
transmits the SL data entered in the RAT selection/RAT
change protocol to the V2X layer. Consequently, the data
undelivered in LTE can be transmitted in NR.

[0745] This enables change in the RAT. Even when the
RAT is changed, the process of forwarding the undelivered
data can eliminate a loss of the SL data. Although change in
the RAT from LTE to NR is disclosed in the example of FIG.
49, the RAT should be changed from NR to LTE in the
similar manner. This can produce the same advantages as
previously described.

[0746] The PDCP in LTE in the UE 1 may store, in a
memory, the PDCP SDU after the SN indicating the SL. data
whose transmission cannot be verified (undelivered). The
PDCP may forward the undelivered data in a state of the
PDCP SDU. The PDCP in NR in the UE 1 may hold, in a
memory, the data generated in NR until finishing the pro-
cesses on the forwarded undelivered data. The PDCP in NR
in the UE 1 should process the data generated in NR after
finishing the processes on the forwarded undelivered data.
[0747] When the PDCP in LTE in the UE 1 forwards the
undelivered data in a state of the PDCP SDU, the PDCP in
NR in the UE 2 that has received the undelivered SL data
transmitted through the UE 1 in NR may perform decryption
and the reordering process on the undelivered SL data using
the SN and the HFN, without forwarding the undelivered SL,
data to the PDCP in LTE. This is because when the PDCP
in LTE in the UE 1 forwards the undelivered data in a state
of the PDCP SDU, the data enters the PDCP in NR without
addition of the SN and the HFN or the encryption and the
header compression process performed by the PDCP in LTE,
and the PDCP in NR adds the SN and the HFN and performs
the encryption and the header compression process on the
data. The processes of receiving the undelivered data in the
UE 2 can be simplified.

[0748] The UE 2 enters the undelivered SL data processed
by the PDCP in NR into the RAT selection/RAT change
protocol, and transmits the data from the RAT selection/RAT
change protocol into the V2X layer.

[0749] As described above, the PDCP may add an end
marker to the end of the undelivered data in the RAT prior
to change. The PDCP in LTE in the UE 1 adds the end
marker to the end of the undelivered data, and forwards the
data to the PDCP in NR. The UE 1 may preferentially
process the data forwarded from the PDCP in LTE until the
PDCP in NR receives the end marker, and process the data
generated in NR after receiving the end marker.
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[0750] Alternatively, the UE 2 may preferentially process
the data forwarded from the PDCP in LTE until the PDCP
in NR receives the end marker, and process the data gener-
ated in NR after receiving the end marker. The aforemen-
tioned methods should be applied to these processes. The
end marker can specify the end of data requiring the for-
warding process. This can reduce malfunctions caused by,
for example, the timing offset in the processes in the UE 1
or the UE 2.

[0751] Another method is disclosed. The upper layer may
add the sequence number (SN) to the SL data. For example,
the application layer may add the SN to the SL data.
Alternatively, the V2X layer may add the SN to the SL data.
The upper layer in UE_tx adds the SNs to the pieces of SL.
data, and transmits the pieces of SLL data with the SNs. The
upper layer in UE_rx reorders the received pieces of SL. data
using the SNs. Even when the pieces of SL data are
transmitted and received in a plurality of RATs, the upper
layer can restore the order of the pieces of SL data using the
SNs added by its own layer.

[0752] The upper layer may include information on the
undelivered data in an instruction for forwarding the unde-
livered data, and notify the PDCP in the RAT prior to change
of the information. The information on the undelivered data
may be information on the oldest undelivered data or a
bitmap indicating the undelivered data. The PDCP in the
RAT prior to change should forward the undelivered data to
the PDCP in the RAT after change, using the information on
the undelivered data notified from the upper layer.

[0753] Not the upper layer but the AS layers that sit on top
of'the PDCP may have a function of adding the SN to the SL.
data. For example, the RAT selection/RAT change protocol
may have the function of adding the SN to the SL. data. Even
when the pieces of SL. data are transmitted and received in
a plurality of RATs, the AS layers can restore the order of the
pieces of SL. data using the SNs added by its own layers.
[0754] Consequently, UE_rx can restore the order of the
pieces of SL. data even when the data is undelivered in
changing the RAT. For example, even when the communi-
cation qualities in the RATSs prior to change and after change
cause a difference in retransmission time between the RATs,
application of the aforementioned method enables UE_rx to
restore the order of the pieces of SL data.

[0755] The method disclosed in the seventh embodiment
enables the SL. communication using a plurality of RATs per
V2X service. Furthermore, the RAT can be changed, in the
SL. communication using a plurality of RATs. For example,
when the communication quality in one RAT deteriorates,
the RAT to be used for the SL communication can be
changed to another RAT whose communication quality is
better. This can improve the communication quality in the
SL. communication. Furthermore, the QoS required for the
SL communication can be satisfied.

[0756] The First Modification of the Seventh Embodiment
[0757] When the RAT is changed, a problem of failing to
restore the order of pieces of SL. data merely using the SNs
added in the respective RATs occurs as described above. As
a method for solving the problem, the seventh embodiment
discloses, for example, a method for processing the unde-
livered data processed by the PDCP in LTE which is the
RAT prior to change in preference over the data processed
by the PDCP in NR which is the RAT after change, and a
method for the upper layer or the RAT selection/RAT change
protocol to add the SNs to the pieces of SL data and
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reordering the pieces of SL data using the SNs. However,
these methods cause problems of, for example, increase in
the latency time by the prioritizing process, increase in the
functions of the upper layer or the RAT selection/RAT
change protocol, complexity in the configuration of the UE,
and increase in the power consumption. The first modifica-
tion discloses a method for solving such problems.

[0758] The PDCP in each of two RATSs assigns a series of
SNs common to the RATs. The two RATs may be LTE and
NR. The PDCP common to the two RATs (a common PDCP)
may be provided. The common PDCP assigns the series of
SNs common to the two RATs. The PDCP in each of the two
RATs assigns a series of HFNs common to the RATs. The
two RATs may be LTE and NR. The common PDCP may
assign the series of HFNs common to the two RATs.

[0759] The PDCP in each of the two RATs may perform
encryption common to the RATs. The common PDCP may
perform the encryption common to the two RATs. Examples
of'the encryption include configuring an encryption key. The
PDCP in each of the two RATs may configure the ROHC
common to the RATs. The common PDCP may configure the
ROHC common to the two RATs.

[0760] Selecting the RAT and/or changing the RAT may
be functions of the common PDCP. Two PDCPs may be
provided, and the PDCP functions may be allocated to the
two PDCPs. For example, the PDCPs may be divided into a
PDCP-1 and a PDCP-2, the PDCP-1 may have RAT com-
mon functions, and the PDCP-2 may have RAT dedicated
functions. Examples of the RAT common functions may
include assigning and managing the SNs, assigning and
managing the HFNs, encryption, and a ROHC process.

[0761] FIG. 50 illustrates a protocol structure including
the common PDCP having the RAT common functions. The
common PDCP is provided as a PDCP function common to
LTE and NR. Furthermore, the common PDCP has a func-
tion of selecting the RAT and/or changing the RAT.

[0762] Processes of a transmitter are disclosed. The SL
data to which the upper layer adds the RAT information is
transmitted to the common PDCP. The common PDCP
assigns a series of SNs and a series of HFNs that are
common to LTE and NR, and performs common encryption,
and a common ROHC process. With the function of select-
ing/changing the RAT of the common PDCP, the SL data is
transmitted to the RLC in the RAT for performing the SL
communication, using the RAT information. For example,
when the RAT information of the SL data indicates LTE, the
SL data is transmitted to the RLC in LTE, and the SL
communication is performed on the data through the MAC
and the PHY in LTE. When the RAT information of the SL
data indicates NR, the SL data is transmitted to the RLC in
NR, and the SL. communication is performed on the data
through the MAC and the PHY in NR.

[0763] Processes of a receiver are disclosed. The SL data
received in LTE enters the common PDCP through the PHY,
the MAC, and the RLC in LTE. Furthermore, the SL data
received in NR enters the common PDCP through the PHY,
the MAC, and the RLC in NR. The common PDCP performs
the encryption and the reordering, using a series of SNs and
a series of HFNs assigned in common to LTE and NR. Since
the series of SNs and the series of HFNs are assigned to LTE
and NR, the common PDCP can reorder the received pieces
of SL data in order of the entry, irrespective of the RATs in
which the pieces of SL data are transmitted.
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[0764] The pieces of SL data reordered by the common
PDCP enter the V2X layer, and then enter the application
layer through the V2X layer.

[0765] As such, sharing a part or the entirety of the
functions of the PDCP as functions common to the two RATs
enables, for example, reduction in the complexity in the
configuration of the UE and reduction in increase in the
power consumption when the RAT is changed.

[0766] FIG. 51 illustrates an example sequence for chang-
ing the RAT according to the first modification of the
seventh embodiment. In FIG. 51, the same step numbers are
applied to the steps common to those in FIG. 49, and the
common description thereof is omitted. FIG. 51 illustrates
an example where the UE 1 (UE_tx) and the UE 2 (UE_rx)
that perform the SI. communication change the RAT from
LTE to NR. In FIG. 51, broken lines represent the control
signaling, and solid lines represent data. FIG. 51 illustrates
processes of each UE in the RRC, the common PDCP, the
LTE protocol, and the NR protocol. The common PDCP has
the function of selecting/changing the RAT. In FIG. 49, the
RAT selection/RAT change is abbreviated as RAT selection/
change.

[0767] Inthe UE 1 that performs SL transmission in LTE,
the upper layer transmits the SL. data to the common PDCP.
The common PDCP in the UE 1 assigns, to pieces of SL
data, a series of SNs and a series of HFNs that are common
to LTE and NR, and performs common encryption and a
common ROHC process on the pieces of SL. data. With the
function of selecting/changing the RAT of the common
PDCP, the RAT for performing the SI. communication is
identified using the RAT information added to the pieces of
SL data. In Step ST5901, the common PDCP transmits the
pieces of SL. data to the RL.C in the identified RAT. Here, the
identified RAT is LTE.

[0768] The pieces of SL data transmitted to the RLC in
LTE is transmitted to the UE 2 through the RLC, the MAC,
and the PHY in LTE in Step ST5902 (SL transmission). In
Step ST5903, the UE 2 transmits the data received from the
UE 1 to the common PDCP through the L'TE protocol. The
common PDCP performs decryption and the reordering
process, using the series of SNs and the series of HFNs
assigned in common to LTE and NR. The UE 2 transmits the
pieces of SL. data processed by the common PDCP to the
V2X layer.

[0769] The RAT selection/RAT change protocol in the UE
1 changes the RAT. In Step ST5704, the RRC in the UE 1
transmits the RAT change notification to the UE 2. The UE
1 terminates the SL. transmission process in LTE in Step
ST5707, and starts the SL. transmission process in NR in
Step ST5708. Since the common PDCP is common to LTE
and NR, the processes may be continued from the termina-
tion of the SL transmission process in LTE to the start of the
SL transmission process in NR. The processes need not be
terminated. The UE 2 terminates the SL reception process in
LTE in Step ST5705, and starts the SL reception process in
NR in Step ST5706. Since the common PDCP is common to
LTE and NR, the processes may be continued from the
termination of the SL reception process in LTE to the start
of the SL reception process in NR. The processes need not
be terminated.

[0770] The common PDCP in the UE 1 that has changed
the RAT from LTE to NR assigns a series of SNs and a series
of HFNs that are common to LTE and NR to the pieces of
SL data transmitted from the upper layer to the common
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PDCP, and performs the common encryption and the com-
mon ROHC process on the pieces of SL data. Specifically,
the UE 1 continues the processes without any change, even
when changing the RAT from LTE to NR.

[0771] With the function of selecting/changing the RAT of
the common PDCP, the RAT for performing the SL. com-
munication is identified using the RAT information added to
the SL data. In Step ST5904, the common PDCP transmits
the pieces of SL data to the RL.C in the identified RAT. Here,
the identified RAT is NR.

[0772] The pieces of SL data transmitted to the RLC in NR
are transmitted to the UE 2 through the RL.C, the MAC, and
the PHY in NR in Step ST5905 (SL transmission). In Step
ST5906, the UE 2 transmits the data received from the UE
1 to the common PDCP through the NR protocol. The
common PDCP performs decryption and the reordering
process, using the series of SNs and the series of HFNs
assigned in common to LTE and NR. Specifically, the
processes are continues without any change, even when the
RAT is changed from LTE to NR. The UE 2 transmits the
pieces of SL. data processed by the common PDCP to the
V2X layer.

[0773] The method disclosed in the first modification
enables assignment of the series of SNs and the series of
HFNs to the pieces of SL data in the two RATs. Change in
the RAT does not change the system of the SNs and the
HFNs. Thus, the common PDCP can perform a process of
reordering packets of the SL data. For example, processes of
the upper layer in UE_tx for assigning different SNs with the
function of selecting/changing the RAT, and processes of
UE_rx for performing reordering using the SNs can be
reduced. For example, the latency time, the complexity in
the configuration of the UE, and increase in the power
consumption can be reduced when the RAT is changed.
Furthermore, the SL data can be communicated with low
latency even when the RAT is changed.

[0774] According to the seventh embodiment and the first
modification of the seventh embodiment, the UE may have
the RRC for the SL for each RAT. Here, the RRC signaling
in the RAT prior to change is performed via the RRC in the
RAT prior to change. For example, when the RAT prior to
change is LTE, the signaling for notifying change in the RAT
is performed via the RRC in LTE. The RRC signaling in the
RAT after change is performed via the RRC in the RAT after
change. For example, when the RAT after change is NR, the
RRC signaling is performed via the RRC in NR.

[0775] The UE may have the RRC for the SL. which is
common to the RATs. Here, the RRC signaling in the RAT
prior to change and the RRC signaling in the RAT after
change are performed via the RRC common to the RATs.
UE_tx performs the RRC signaling common to the RATs for
UE_rx. Since a different configuration or a different signal-
ing need not be made for each RAT, the processes in the
RRC can be simplified. For example, the signaling for
notifying change in the RAT should be the RRC signaling
common to the RATs. Change in the RAT does not require
change in the RAT to be used for the RRC signaling. This
can simplify the SL. communication processes between the
UEs.

[0776] When the common PDCP is provided, the RRC
data for each RAT may be transmitted to the common PDCP.
Alternatively, the RRC data common to the RATs may be
transmitted to the common PDCP. The common PDCP may
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process the RRC data. Application of the common PDCP
can simplify the data processing via the RRC signaling.
[0777] The RLC functions may be shared between the
RATs. The RLC with the common RLC functions may be
provided. The RLC with the common RLC functions may be
hereinafter referred to as a common RLC. FIG. 52 illustrates
a protocol structure including the common RLC. The com-
mon RLC for LTE and NR is provided. The common RLC
is connected to the MAC in LTE and the MAC in NR. The
common RLC may have the function of selecting and/or
changing the RAT.

[0778] The common RL.C may have a part or the entirety
of the functions of the RLC. This enables, for example,
reduction in the complexity in the configuration of the UE
and reduction in increase in the power consumption when
the RAT is changed.

[0779] The Second Modification of the Seventh Embodi-
ment
[0780] In LTE, the packet duplication is supported in the

SL. communication (Non-Patent Document 1 (TS36.300)).
The PDCP layer performs the packet duplication. The packet
duplication by the PDCP may be referred to as PDCP
duplication. The PDCP duplication in the SL. communication
in NR has been studied in 3GPP. The PDCP duplication
between the RATs of LTE and NR has also been studied
(Non-Patent Document 35 (R2-1817107)).

[0781] As described in the seventh embodiment, the
PDCP, the RL.C, the MAC, and the PHY are provided as the
protocol stacks of the UE in the SL. communication. For
example, when LTE and NR are used as the RATs, the PDCP
in which one of the RATs, namely, LTE or NR performs the
PDCP duplication is a problem. However, Non-Patent Docu-
ment 35 fails to disclose the PDCP in which one of a
plurality of RATs is used. The second modification discloses
a method for solving the problem.

[0782] The PDCP in LTE performs the PDCP duplication
between the RATs. The PDCP in LTE is connected to the
RLC in LTE and the RLC in NR. The transmitter duplicates
data to create data to be transmitted in LTE and data to be
transmitted in NR, as a PDCP duplication function between
the RATs. The pieces of data duplicated by the PDCP are
transmitted to the RLC in LTE and the RLC in NR. The
receiver detects the presence or absence of redundancy in
the pieces of data transmitted from the RLC in LTE and the
RLC in NR. In the presence of the redundancy, the receiver
discards one of the pieces of data.

[0783] FIG. 53 illustrates a protocol structure when the
PDCP in LTE performs the PDCP duplication during opera-
tions in LTE and NR. The protocol structure disclosed in the
seventh embodiment when the V2X layer selects the RAT is
used as a protocol structure using the two RATs (LTE and
NR). The application layer and the V2X layer are structured.
The PDCP, the RLC, the MAC, and the PHY in LTE, and the
PDCP, the RLC, the MAC, and the PHY in NR are struc-
tured under the V2X layer. The PDCP in LTE has a packet
duplication function. The PDCP in LTE is connected to the
RLC in LTE and the RLC in NR.

[0784] In the transmitter, the V2X layer selects the RAT
according to the RAT information, and enters data into the
PDCP in the selected RAT. The PDCP in LTE duplicates the
received data. The PDCP should duplicate the PDCP PDU.
The duplicated pieces of data have the same SN and the
same HFN. The PDCP in LTE transmits the duplicated
pieces of data to the RL.C in LTE and the RLC in NR.
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[0785] The data entered into the RLC in LTE is transmit-
ted through the MAC and the PHY in LTE (SL transmis-
sion). The data entered into the RLC in NR is transmitted
through the MAC and the PHY in NR (SL transmission).

[0786] In the receiver, the PDCP-duplicated data received
through the PHY, the MAC, and the RL.C in LTE is trans-
mitted to the PDCP in LTE. Furthermore, the PDCP-dupli-
cated data received through the PHY, the MAC, and the RL.C
in NR is transmitted to the PDCP in LTE. The PDCP in LTE
detects the presence or absence of redundancy in the pieces
of PDCP-duplicated data transmitted from the RL.C in LTE
and the RLC in NR. In the presence of the redundancy, the
PDCP discards one of the pieces of data. The PDCP enters
the duplicated data into the V2X layer. The V2X layer enters
the data into the application layer.

[0787] The RLC in NR in the receiver has to transmit the
PDCP-duplicated data to the PDCP in LTE. Without any
ingenuity, the RLC in NR ends up in transmitting the
PDCP-duplicated data to the PDCP in NR. A method for
solving such a problem is disclosed.

[0788] In the transmitter, the PDCP that performs the
PDCP duplication adds information indicating the PDCP-
duplicated data or not, to the duplicated pieces of data as the
PDCP duplication function between the RATs. The RLC
determines whether data is the PDCP-duplicated data, using
the information indicating the PDCP-duplicated data or not.
When the RLC determines that the data is the PDCP-
duplicated data, the RLC adds the information indicating the
PDCP-duplicated data or not, to the data. The RLC may
remove the information indicating the PDCP-duplicated
data or not which has been added by the PDCP, from the
data.

[0789] The RLC in the receiver determines whether data is
the PDCP-duplicated data, using the information indicating
the PDCP-duplicated data or not which has been added by
the RLC in the transmitter. When the RLC determines that
the data is the PDCP-duplicated data, the RL.C transmits the
data to the PDCP in the RAT in which the PDCP duplication
has been performed. The RLC may remove the added
information indicating the PDCP-duplicated data or not, and
transmit the data to the PDCP.

[0790] Provision of such a function in each of the PDCP
and the RLC enables the RLLC in NR to transmit the
PDCP-duplicated data to the PDCP in LTE.

[0791] Another method for enabling the RLLC in NR to
transmit the PDCP-duplicated data to the PDCP in LTE is
disclosed. The dual connectivity (DC) between the RATs
(LTE and NR) and the method on the packet duplication
using the DC that are supported by the Uu interface should
be applied (Non-Patent Document 1 (TS36.300) and Non-
Patent Document 16 (TS38.300)). When the PDCP dupli-
cation is performed between the RATs in the SL communi-
cation, the DC should be configured between the RATs in the
SL communication.

[0792] The PDCP in NR may perform the PDCP duplica-
tion between the RATs. The PDCP in NR is connected to the
RLC in NR and the RLC in LTE. The transmitter duplicates
data to create data to be transmitted in NR and data to be
transmitted in LTE, as a PDCP duplication function between
the RATs. The PDCP in NR transmits the duplicated pieces
of'data to the RLC in NR and the RL.C in LTE. The receiver
detects the presence or absence of redundancy in the pieces
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of data transmitted from the RLC in NR and the RLC in
LTE. In the presence of the redundancy, the receiver discards
one of the pieces of data.

[0793] FIG. 54 illustrates a protocol structure when the
PDCP in NR performs the PDCP duplication during opera-
tions in LTE and NR. The protocol structure disclosed in the
seventh embodiment when the V2X layer selects the RAT is
used as the protocol structure using the two RATs (LTE and
NR). The application layer and the V2X layer are structured.
The PDCP, the RLC, the MAC, and the PHY in LTE, and the
PDCP, the RLC, the MAC, and the PHY in NR are struc-
tured under the V2X layer. The PDCP in NR has the packet
duplication function. The PDCP in NR is connected to the
RLC in NR and the RLC in LTE.

[0794] In the transmitter, the V2X layer selects the RAT
according to the RAT information, and enters data into the
PDCP in the selected RAT. The PDCP in NR duplicates the
received data. The PDCP should duplicate the PDCP PDU.
The duplicated pieces of data have the same SN and the
same HFN. The PDCP in NR transmits the duplicated pieces
of data to the RLC in NR and the RLC in LTE.

[0795] The data entered into the RLC in NR is transmitted
through the MAC and the PHY in NR (SL transmission).
The data entered into the RLC in LTE is transmitted through
the MAC, and the PHY in LTE (SL transmission).

[0796] In the receiver, the PDCP-duplicated data received
through the PHY, the MAC, and the RLLC in NR is trans-
mitted to the PDCP in NR. Furthermore, the PDCP-dupli-
cated data received through the PHY, the MAC, and the RL.C
in LTE is transmitted to the PDCP in NR. The PDCP in NR
detects the presence or absence of redundancy in the pieces
of PDCP-duplicated data transmitted from the RL.C in NR
and the RLC in LTE. In the presence of the redundancy, the
PDCP discards one of the pieces of data. The PDCP enters
the duplicated data into the V2X layer. The V2X layer enters
the data into the application layer.

[0797] The method for the RLC in NR to transmit the
PDCP-duplicated data to the PDCP in LTE should be
appropriately applied to a method for the RLC in LTE to
transmit the PDCP-duplicated data to the PDCP in NR. This
can produce the same advantages as previously described.
[0798] Although the PDCP having the PDCP duplication
function between the RAT s is limited to the PDCP in LTE
or the PDCP in NR in the protocol structures for the SL
communication in FIGS. 53 and 54, the PDCP is not limited
to the ones in these examples. For example, both of the
PDCPs in LTE and NR may have the PDCP duplication
functions between the RATs. The PDCP in LTE with the
PDCP duplication function is connected to the RLC in LTE
and the RLC in NR, and the PDCP in NR with the PDCP
duplication function is connected to the RL.C in LTE and the
RLC in NR. Consequently, the PDCP duplication can be
performed on the SL data to be transmitted in LTE and the
data to be transmitted in NR.

[0799] Although the V2X layer selects the RAT in the
examples of FIGS. 53 and 54, the selection is not limited to
these examples. The aforementioned method may be applied
to a protocol structure when the AS layers select the RAT.
This can produce the same advantages as previously
described. Examples of the protocol structure when the AS
layers select the RAT include the protocol structure dis-
closed in the seventh embodiment.

[0800] The PDCP duplication function between the RATs
may be the function of the common PDCP disclosed in the
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first modification of the seventh embodiment. The common
PDCP may perform the PDCP duplication between the
RATs. The common PDCP is connected to the RLC in NR
and the RLC in LTE. The transmitter duplicates data to
create data to be transmitted in NR and data to be transmitted
in LTE, as the PDCP duplication function between the RATs.
The common PDCP transmits the duplicated pieces of data
to the RLC in NR and the RLC in LTE. The common PDCP
may turn off the function of selecting/changing the RAT
when performing the PDCP duplication between the RATs.
The common PDCP in the receiver detects the presence or
absence of redundancy in the pieces of data transmitted from
the RLC in NR and the RLC in LTE. In the presence of the
redundancy, the common PDCP discards one of the pieces of
data.

[0801] FIG. 55 illustrates a protocol structure when the
common PDCP performs the PDCP duplication during
operations in LTE and NR. The protocol structure including
the common PDCP disclosed in the first modification of the
seventh embodiment is used. The common PDCP sits under
the V2X layer. The common PDCP is connected to the RLC
in NR and the RLC in LTE. The common PDCP has the
packet duplication function.

[0802] Information on the packet duplication may be
provided as one piece of the RAT information. The RAT
information indicating the packet duplication between the
RATs may be provided. When the RAT information indi-
cating the packet duplication is added to data, the common
PDCP may performs the PDCP duplication. Alternatively,
the AS layers may determine whether to perform the PDCP
duplication between the RATs. For example, the RRC may
determine whether to perform the PDCP duplication
between the RATs. When it is determined that the PDCP
duplication is performed, the common PDCP may perform
the PDCP duplication.

[0803] In the transmitter, the V2X layer enters the SL data
into the common PDCP. The common PDCP duplicates the
received data. The common PDCP should duplicate the
PDCP PDU. The pieces of data duplicated by the common
PDCP have the same SN and the same HFN. The pieces of
data duplicated by the common PDCP are transmitted to the
RLC in LTE and the RLC in NR.

[0804] The data entered into the RLC in LTE is transmit-
ted through the MAC and the PHY in LTE (SL transmis-
sion). The data entered into the RLC in NR is transmitted
through the MAC and the PHY in NR (SL transmission).
[0805] In the receiver, the PDCP-duplicated data received
through the PHY, the MAC, and the RL.C in LTE is trans-
mitted to the common PDCP. Furthermore, the PDCP-
duplicated data received through the PHY, the MAC, and the
RLC in NR is transmitted to the common PDCP. The
common PDCP detects the presence or absence of redun-
dancy in the pieces of PDCP-duplicated data transmitted
from the RLLC in NR and the RLC in LTE. In the presence
of the redundancy, the common PDCP discards one of the
pieces of data. The common PDCP enters the duplicated data
into the V2X layer. The V2X layer enters the data into the
application layer.

[0806] As such, the PDCP duplication function between
the RATs in the common PDCP enables the RLC in each
RAT in the receiver to transmit the SL data to the common
PDCP when the PDCP duplication between the RATs is
performed, irrespective of whether the data is the PDCP-
duplicated data. Functions for determining whether the SL.
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data is the PDCP-duplicated data can be reduced. Thus, the
structure for the PDCP duplication in the UE can be sim-
plified, and increase in the power consumption can be
reduced.

[0807] The configuration of the DC in the SL. communi-
cation, and the signaling for configuring the PDCP duplica-
tion using the DC are disclosed. The DC and the PDCP
duplication using the DC are configured via the RRC
signaling in the SL. UE_tx that is a transmission UE should
notify UE_rx that is a reception UE of the configuration of
the DC via the RRC signaling in the SL. UE_tx should notify
UE_rx of the configuration of the PDCP duplication using
the DC, via the RRC signaling in the SL. This enables the
PDCP duplication between the RATs, using the PDCP in
LTE.

[0808] The UE may have the RRC for the SL for each
RAT. Here, the RRC for each RAT configures the DC in the
SL communication and the PDCP duplication using the DC.
For example, the RRC in LTE configures the DC in LTE and
the PDCP duplication using the DC in LTE. The RRC in NR
configures the DC in NR and the PDCP duplication using the
DC in NR. Furthermore, UE_tx notifies UE_rx of the
configurations via the RRC signaling for each RAT.

[0809] The UE may have the RRC for the SL. which is
common to the RATs. Here, the RRC common to the RATSs
configures the DC in the SL. communication and the PDCP
duplication using the DC. Furthermore, UE_tx notifies
UE_rx of the configuration via the RRC signaling common
to the RATs. Since a different configuration or a different
signaling need not be made for each RAT, the processes by
the RRC can be simplified. Furthermore, the RRC common
to the RATs should be applied when the common PDCP
performs the PDCP duplication. The common PDCP need
not be configured dedicatedly for each RAT.

[0810] A part or the entirety of RRC data for the SL. may
be communicated using the DC. Furthermore, a part or the
entirety of the RRC data for the S may be duplicated
through the PDCP duplication using the DC. This can
enhance the reliability of the RRC data.

[0811] The method disclosed in the second modification
enables the PDCP duplication between a plurality of RATs
including ITE and NR. The SL. communication with high
reliability, and the SL communication according to the QoS
required for the service become possible.

[0812] The embodiments and the modifications are mere
exemplifications, and can be freely combined. The arbitrary
constituent elements of the embodiments and the modifica-
tions can be appropriately modified or omitted.

[0813] For example, a subframe in the embodiments and
the modifications is an example time unit of communication
in the fifth generation base station communication system.
The subframe may be configured per scheduling. The pro-
cesses described in the embodiments and the modifications
as being performed per subframe may be performed per TTI,
per slot, per sub-slot, or per mini-slot.

[0814] While the present disclosure is described in detail,
the foregoing description is in all aspects illustrative and
does not restrict the present disclosure. Therefore, numerous
modifications and variations that have not yet been exem-
plified are devised.
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DESCRIPTION OF REFERENCES

[0815] 200 communication system, 202 communication
terminal device, 203 base station device.

1. A communication system, comprising:

a communication terminal;

a plurality of base stations configured to perform radio

communication with the communication terminal; and

a host device of the plurality of base stations,

wherein one of a serving base station of the communica-

tion terminal and the host device selects, from among
the plurality of base stations, a positioning base station
that transmits a positioning signal for measuring a
position of the communication terminal,

the positioning base station transmits the positioning

signal,

the communication terminal receives the positioning sig-

nal,

one of the communication terminal, the serving base

station, and the host device estimates the position of the
communication terminal, based on a reception result of
the positioning signal from the communication termi-
nal, and

a specific-precision positioning base station that can com-

municate with the communication terminal via direct
waves is selected as the positioning base station when
positioning precision required for positioning of the
communication terminal is higher than or equal to
specific precision.

2. The communication system according to claim 1,

wherein an entity that selects the positioning base station

differs according to the positioning precision.

3. The communication system according to claim 1 or 2,

wherein the specific-precision positioning base station is

selected based on a result of estimating feasibility of
the communication via the direct waves using propa-
gation losses and propagation delay.

4. The communication system according to one of claims
1to 3,

wherein another communication terminal and the other

base stations terminate communication during a period
when the positioning base station transmits the posi-
tioning signal and the communication terminal receives
the positioning signal.

5. A base station configured to perform radio communi-
cation with a communication terminal,

wherein the base station selects a positioning base station

that transmits a positioning signal for measuring a
position of the communication terminal, and

the base station selects, as the positioning base station, a

specific-precision positioning base station that can
communicate with the communication terminal via
direct waves when positioning precision required for
positioning of the communication terminal is higher
than or equal to specific precision.

6. The base station according to claim 5,

wherein the base station estimates the position of the

communication terminal, based on a reception result of
the positioning signal from the communication termi-
nal.

7. A host device of a plurality of base stations configured
to perform radio communication with a communication
terminal,

wherein the host device selects, from among the plurality

of base stations, a positioning base station that trans-
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mits a positioning signal for measuring a position of the
communication terminal, and

the host device selects, as the positioning base station, a
specific-precision positioning base station that can
communicate with the communication terminal via
direct waves when positioning precision required for
positioning of the communication terminal is higher
than or equal to specific precision.

8. The host device according to claim 7,

wherein the host device estimates the position of the
communication terminal, based on a reception result of
the positioning signal from the communication termi-
nal.



